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A MONOGRAPH OF THE EXISTING CRINOIDS. 


By Austin Hoparr CiarK, 


Curator, Division of Echinoderms, United States National Museum. 


STRUCTURE AND ANATOMY. 


RaApiaAts: Continued. 


[Part 2 of volume 1, Bulletin 82, is a direct continuation of part 1 published 
in 1915, taking up the discussion of the structure and anatomy of the unstalked 
crinoids at the point at which it was left in 1915. In this part the introductory 
matter is concluded. 

For assistance in the preparation of the following pages I am especially indebted 
to Dr. Hubert Lyman Clark, who had the kindness to read through the entire 
manuscript; to Prof. William’ Morton Wheeler, who was so good as to examine 
for me the section dealing with parasites and commensals; to Prof. Charles 
Branch Wilson, who revised my list of parasitic copepods; to Mr. William F. 
Clapp, who revised my account of the parasitic Mollusca; and to Dr. Henry A. 
Pilsbry, to whom I submitted my list of commensal barnacles. Mr. Frank 
Springer has, as before, kept constantly in touch with the work as it progressed, 
and I am deeply indebted to him for a very large number of most helpful sug- 
gestions—indeed, whatever merit there may be in those portions dealing with 
crinoidal morphology is very largely the result of his advice and inspiration. I 
am also under obligations to Dr. Herrick E. Wilson for his kindness in reading 
the greater part of the manuscript, as well as for numerous suggestions. | 


Articular Faces of the Radials. 


No detailed comparative study of the sculpture of the articular faces of 
the radials has as yet been attempted; in fact, only three authors have even so 
much as mentioned them. W. B. Carpenter in 1866 described minutely the con- 
ditions found in Antedon bifida; P. H. Carpenter in 1888 figured and described 
them in such species (distributed among several families) as he was able to 
dissect; and C. Hartlaub in 1895 and in 1912 published some additional facts 
concerning them based upon his study of various species from Panama, the 
Galapagos Islands, and the West Indies. 

Yet a detailed and accurate comprehension of the characters of the articular 
faces of the radials is essential in the study of the comatulids as a whole, for 
in very many cases the fossil species are represented only by specimens consist- 
ing of the centrodorsal and the radial pentagon, and without a true conception 
of the fundamental and diagnostic features involved, and of the limits of vari- 
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ability, all attempts to correlate these fossil forms with their recent represent- 
atives can be little else than pure guesswork. 

Unfortunately, I have not been able to examine the radial pentagon of 
nearly so many species as I would have wished, nor have I been able to examine 
large series of specimens except in a very few instances, and it has therefore 
been impossible for me to arrive at many conclusions of a real and permanent 
value. A great many facts have been brought out, however, which show the 
importance of this line of work, especially in its bearing upon the fossils, and 
it is greatly to be hoped that every student of the comatulids (as well as of the 
stalked types) will seize every opportunity to make dissections of such species as 
may be available so that data may gradually accumulate whereby the true system- 
atic importance of the various features of radial joint face sculpture may prop- 
erly be appreciated. 

It has seemed best to unite in one place the detailed descriptions of the radial 
articular faces of all the species which I have been so fortunate as to be able 
to examine. This will render them much more readily comparable with each 
other than if the descriptions were incorporated with the general descriptions 
of the species, and at the same time will facilitate their use in connection with 
the fossils. Furthermore, for purposes of identification and determination the 
external characters are the ones upon which reliance is chiefly placed, and it 
seems therefore inadvisable to burden the systematic descriptions with a de- 
tailed account of internal structures. I have included, however, in the descrip- 
tion of each species of which I have been able to examine the radial pentagon 
a synopsis of its salient features in order to indicate the correlation between 
these internal and the more familiar external characters. 

The most generalized type of radial articular face, and that toward which 
the radial articular faces of all young specimens converge, consists of a large, 
deep, semicircular dorsal ligament fossa, in the middle of the anterior (ventral) 
border of which, just under the transverse ridge, there is a circular or transversely 
oval, usually somewhat sudden, excavation, known as the ligament pit, which 
may involve a portion of the proximal (dorsal) side of the transverse ridge in 
its formation; beyond the middle of the transverse ridge, which is high, is the 
large opening of the central canal, surrounded by a raised calcareous platform 
on a level with the transverse ridge which is continued laterally so as to form 
a ventral border to the ridge; on either side of the central canal lie the inter- 
articular ligament fosse, which are typically isosceles triangles with their bases 
resting on the transverse ridge: beyond these are the large distally rounded 
muscular fosse, the area of which is at least as great as that of the interarticular 
ligament fosse; these are separated interiorly from each other by a high narrow 
ridge joining the platform about the central canal (which is raised so high 
above the lower apices of the muscular fosse that the central canal appears to 
lie in a sort of tube or tunnel) which decreases in height, at first very rapidly 
but later more gradually, until distally it sinks to the level of the adjoining 
fosse; a slight notch separates the distal edges of the muscular fossm interiorly. 
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The articular faces of adjacent radials are separated from each other later- 
ally by a narrow groove, which usually is closed distally by the apposition of 
the outer edges of the muscular fosse. 

The plane of the joint face as a whole typically makes an angle of about 45° 
with the dorsoventral axis of the animal; if the radials become nearly or quite 
horizontal this angle decreases so that the plane of the joint face becomes almost 
or quite parallel to the dorsoventral axis; but conversely it inclines more to the 
horizontal if the radials slant upward and outward as in the pentacrinites. The 
proximal portions of the muscular fosse slope inward so as to make an angle 
of about 90° with each other. 

There are two lines of divergence from this generalized type—(1) there may 
be an increase in flexibility at the articulation, inducing a corresponding modi- 
fication of the joint face, or (2) there may be a gradual decrease in flexibility, 
reaching a maximum in a practically immovable union. 

The first line of divergence is rare and is only found among certain 5 or 10 armed 
species belonging to various macrophreate groups, such as the Pentametrocrinide 
(figs. 114, p. 67, and 1006, pl. 4), the Atelecrinide, and the Heliometrine (figs. 
95, 97, p. 62, and 997, 999, 1000, pl. 4) and in the young of certain other types. 
It is characterized by a great increase in the size of the muscular fossi, coupled 
with more or less reduction in the size of the interarticular ligament fosse, and 
a marked deepening in the sculpture of the joint face as a whole. 

Instances of the second line of divergence are much more common, some 
progress along this line having been made by almost all of the oligophreate and 
by many of the macrophreate types. The first modification noticeable is a dimi- 
nution in the size of the muscular fosse, which may become narrow laterally as 
in the Thalassometride (figs. 69-75, p. 43) and in the Charitometride (fig. 76, 
p- 53, and figs. 984-993, pl. 3), or very short as in most of the other groups 
(figs. 25-88, p. 20). Shortening of the muscular fosse is correlated with a de- 
crease in the size of the dorsal ligament fossa, which becomes transversely semi- 
elliptical; an increase in the size of the interarticular ligament fosse, which almost 
always develop an obtuse angle on their inner margins (figs. 39-50, p. 26); a 
progressive shallowness of the joint face sculpture, the intermuscular ridge at 
the same time becoming an intermuscular furrow; and a flattening and eversion 
of the joint face as a whole, so that it becomes more and more nearly parallel 
with the dorsoventral axis of the animal. This line of development leads to a 
joint face more or less parallel with the dorsoventral axis of the animal, showing 
a narrow semielliptical dorsal ligament fossa with a transversely linear shallow 
ligament pit, two approximately square interarticular ligament fosse internally 
separated by a shallow furrow about as wide as the central canal, and very nar- 
rowly linear muscular fosse, or even no muscular fosse at all. The relief of 
the joint face is now so shallow that the rim or platform about the central canal 
and along the distal (ventral) border of the transverse ridge is not evident. 

In connection with the following detailed account of the radial articular faces 
of the comatulids I have included reproductions of all the figures which have been 
published by previous authors. It has seemed best not to attempt to include de- 
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scriptions taken from these figures in the text on account of the possibility of error 
in the drawings; and for the same reason I have refrained from making com- 
parisons between these and the drawings made by Miss Dandridge under my 


supervision. 
COMASTERID i. 


The articular faces of the radials lie in planes nearly or quite parallel to the 
dorsoventral axis of the animal. 

The excavation of the various elements of the joint face is very slight. 

Just ventral to the transverse ridge there is a broad flat area, narrow laterally 
but centrally increasing in height so as to encompass the central canal; anteriorly 
this sinks almost imperceptibly into the interarticular ligament fosse. 

The elements of the joint face on either side of the transverse ridge are usually 
on the same plane, but the dorsal ligament fossa sometimes makes a slightly 
greater or lesser angle with the dorsoventral axis than the distal elements. 

The dorsal ligament fossa is almost always lower than the interarticular liga- 
ment fosse, and its proximal border is more or less flattened; the ligament pit 
is strongly marked, broadly oval, larger than the central canal. 

The central canal is broadly oval and rather small. 

The joint face elements distal to the transverse ridge and the central canal 
are separated by a broad and shallow intermuscular furrow which is usually con- 
stricted between the muscular fosse., 

The distal border of the interarticular hgament fosse is straight, or slightly 
convex; it is commonly parallel to the transverse ridge, but it may be slightly 
lower interiorly than exteriorly; more commonly it is slightly lower exteriorly 
than interiorly. 

The muscular fosse are small, always smaller than the interarticular liga- 
ment fosse (usually less than half the height of these), transversely elongate 
with nearly or quite parallel distal and proximal edges and a projecting distal 
outer angle; the distal edge is horizontal, or, if it is somewhat convex, the chord 
of the convexity is horizontal, 

The ventral face of the radial pentagon as a whole is bluntly stellate, the 
radial incisions being usually less than one-third, never more than one-half, 
of the distance from the center to the interradial apices. 

The ventral plug is well developed, with a flat or slightly concave surface 
which is nearly or quite on a level with the distal edge of the muscular fossx; 
it almost or quite conceals the inner surface of the radials. The radial canals 
are very broad; there is no free central canal. 


CAPILLASTERIN ©. 


The following features appear to be characteristic of the radial articular 
faces of the species of Capillasterine. 

The interarticular ligament fosse are much broader than high. 

The distal border of the interarticular ligament fossx is usually lower ex- 
teriorly than interiorly. 
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There is a more or less abrupt change in direction between the outer edge 
of the interarticular ligament fosse and that of the muscular fossze, the latter 
projecting more or less outward. 

The muscular fosse do not extend inward beyond the inner distal angle of 
the interarticular ligament fosse. 

The muscular fosse slope more or less downward from the center of the 
joint face to the periphery. 

In addition to these characters the centrodorsal usually bears more than one 
row of cirrus sockets. If only one row is present the sockets composing it are 
more or less isolated and irregular in position. 


COMATELLA NIGRA. 
Figs. 1, 2, p. 6. 


The dorsal ligament fossa is narrow, nearly or quite five times as broad 
as high, the proximal edge mostly parallel to the transverse ridge but curving 
upward somewhat strongly at either end. 

The articular faces are separated in the interradial angles by a moderate, 
slightly rhombic, groove. The transverse ridges of adjacent faces are entirely 
separated. 

The lateral edges of the interarticular ligament fosse retreat rapidly from 
the ends of the transverse ridge, with which they make an angle of approxi- 
mately 45°; just below the muscular fosse they turn upward and outward rather 
sharply. The distal edge of the interarticular ligament fosse rises inward from 
the outer distal corners until a height is reached which is about half again as 
far from the transverse ridge perpendicularly as is the distal outer corner. From 
this point the anterior edge makes a broad curve inward and downward, pass- 
ing over into the parallel inner edges of the interarticular ligament fosse. These 
parallel inner edges are separated by a broad shallow furrow, which may have a 
low, rounded, median convexity indicated, which is about as broad as the trans- 
verse diameter of the strongly oval central canal, from which it is separated 
proximally by a narrow ill-defined rim. 

The muscular fosse are small, rounded triangular in shape; their lateral 
edge makes a right angle with the lateral edges of the interarticular ligament 
fosse, but soon curves upward and inward rather sharply, then running inward 
almost horizontally or slightly downward, almost straight or slightly convex, 
to a point slightly over one-third of the way across the distal edge of the articular 
face, where it becomes suddenly decurved to the distal border of the interarticular 
ligament fossa, terminating the muscular fosse in a rounded apex interiorly. 

The center of the radial pentagon is occupied ventrally by a scanty loose cal- 
careous deposit which barely conceals the rosette from ventral view; the ventral 
sutures between the radials are prominent. 

Diameter of radial pentagon at base, 8 mm.; height of articular face, 3.3 mm.; 
width, at transverse ridge, 6 mm.; distance from center of rosette to middle of dorsal 
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PIGS. 1—-12.—RADIAL PHNTAGONS OF VARIOUS COMATULIDS, 


AND CENTRODORSAL. 2, SAME, VENTRAL VIEW OF RADIAL PENTAGON, 
LATERAL VIHBW OF RADIALS AND CENTRODORSAL. 


CAPILLASTER SENTOSA, LATERAL VIEW OF RADIALS AND CHNTRODORSAL. 
PENTAGON, 


VENTRAL VIEW OF RADIAL PENTAGON, 
DORSAL, 


1. COMATELLA NIGRA, LATERAL VIEW OF RADIALS 
3. NEOCOMATELLA PULCHELLA, 
4. SAME, VENTRAL VIBW OF RADIAL PENTAGON. 5. 


6. SAMD, VENTRAL VIEW OF RADIAL 
7. CAPILLASTER MULYIRADIATA, LATHRAL VIEW OF RADIALS AND CENTRODORSAL. 8. SAME 
9, NEMASTER DISCOIDDA, LATERAL VIHW OF RADIALS AND CENTRO- 
10. SAME, VENTRAL VIEW OF RADIAL PENTAGON, 11. LEProNDMASTER VENUSTUS, LATBRAL 
VIBW OF RADIALS AND CBRNTRODORSAL, 12. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 
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outer edge of radial, 3.8 mm.; distance from center of ventral face of radial 
pentagon to middle of ventral outer edge of radial, 3 mm.; to angle between radials, 
4.8 mm. 


COMATELLA STELLIGERA. 


See figs. 950-952, pl. 1. 


COMATELLA MACULATA. 


See figs. 953, 954, pl. 1. 


NEOCOMATELLA PULCHELLA. 


TVigs. 3, 4, p. 6, and 955, pl. 1. 


The dorsal ligament fossa is narrow, about four times as broad as long, some- 
what blunted at the lateral angles; the lateral edges of the interarticular ligament 
fossee may retreat at first rather rapidly from the transverse ridge, but, gradually 
curving, at the distal corner these edges make only a small angle with a line perpen- 
dicular to the ventral surface of the centrodorsal, or they may be only slightly 
concave. 

The interarticular ligament fosse are squarish to nearly one-third broader than 
long, with the distal edge turned outward, horizontal, slightly and evenly convex, 
or sloping slightly downward from a point about one-third of the distance from 
the inner corner. The inner corner is broadly rounded so that the inner edges are 
parallel, about as far apart as the diameter of the central canal. Just before or 
just after the consummation of the curve of the inner distal angle the projection 
of the distal edge rather suddenly disappears, so that the inner lateral edges are 
scarcely raised above the general surface of the broad shallow groove which sep- 
arates them. ; 

The muscular fosse are approximately twice as broad as high. They are sep- 
arated basally by the continuation of the broad shallow groove which separates 
inwardly the interarticular ligament fosse. The floor of this groove, at first flat, 
at about the middle of the interarticular ligament fosse begins to be slightly con- 
vex, and where it passes between the muscular fosse to the ventral surface of the 
radials, gradually curving so as to become parallel with the latter, it may become 
carinate and bear a few long spicules. It leaves the plane of the radial face and 
begins to curve downward (in reference to the latter) at about the middle of the 
inner edges of the muscular fossee; because of its gradual curve at first the exact 
spot is somewhat difficult of determination. The outer edge of the muscular fossz 
is usually a straight line, but may be slightly concave. It usually makes about the 
same angle with a line perpendicular to the centrodorsal as that made by the outer 
edge of the interarticular ligament fossx, but reversed, so that it projects outward 
making an obtuse angle with the outer edge of those fosse; the outer edge of the 
muscular fosse is about one-half to two-thirds as long as that of the interarticular 
ligament fosse. The muscular fosse as a whole are usually from two-thirds to three- 
fourths of the height of the interarticular ligament fosse, usually twice as broad 
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as long, sometimes longer, the distal edge convex and broadly rounded off at the 
inner, abruptly rounded at the outer corners, in general parallel to the distal edge 
of the interarticular ligament fossa, which forms the proximal edge of the mus- 
cular fossa. The whole distal edge is convex, but less so toward the outer border. 
The highest point is usually at about one-third of the distance from the inner to 
the outer edge, from which point the height gradually decreases outwardly. The 
internal gap between the muscular fossve is only about half as large as that between 
the interarticular ligament fosse. 

Ventrally the space between the radials is filled with a spongy calcareous filling, 
almost flat, reaching to about the height of the middle of the muscular fosse. The 
central canal through this spongy calcareous mass is very small. 

Diameter of radial pentagon at base, 4.1 mm.; height of articular face, 2 mm.; 
width, at transverse ridge, 2 mm.; distance from center of rosette to middle of 
dorsal outer edge of radial, 1.8 mm.; distance from center of ventral face of radial 
pentagon to middle of ventral outer edge of radial, 1 mm.; to angle between ra- 
dials, 1.6 mm. 

CAPILLASTER SENTOSA. 


Figs. 5, 6, p. G. 


The dorsal ligament fossa is between three and one-half and four times as 
broad as high, with the proximal edge evenly and gently convex and the lateral 
edges truncated and sharply rounded. The ligament pit is reniform, and much 
larger than the transversely oval central canal. 

The transverse ridges of adjacent articular faces are in apposition, but the 
dorsal ligament foss are entirely separated from each other. 

The outer edges of the interarticular ligament fosse have a general slight 
inward slope. They are nearly straight, but curve outward both at the base and 
distally. The distal edge is straight, or very slightly convex; the outer distal angle 
is sharply, the inner broadly, rounded; the inner edges form an S-shaped curve, 
coming together just over the central canal, from which they are separated by a 
narrow septum with parallel sides. The intermuscular furrow just over the central 
canal is nearly as wide as the interarticular ligament fosse at the same level, but it 
becomes constricted distally so that between the distal inner angles of the interartic- 
ular ligament fossw it is only about two-thirds of the proximal width. 

The muscular fosse are narrow, about as broad as the transverse (greater) 
diameter of the central canal. The distal outer edges are approximately parallel 
to those of the interarticular ligament fossw; but the muscular fosse may be slightly 
broader exteriorly than interiorly. The distal outer angles project considerably 
beyond the lateral edge of the interarticular ligament fosse. ‘The distal outer angles 
are sharply rounded; the distal inner angles are broadly rounded, the inner edges 
curving downward to the distal inner angles of the interarticular ligament fosse. 

The ventral surface of the radial pentagon is more or less obscured by a loose 
caleareous deposit, which in the center forms a broad plug; its surface is radially 
striate. 
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Diameter of radial pentagon at base, 6.3 mm.; height of articular face, 2.8 mm. ; 
width (at transverse ridge), 3.8 mm.; distance eon center of rosette to middle of 
dorsal outer edge of radial, 2.9 mm.; distance from center of ventral face of radial 
pentagon to middle of ventral face of radial, 1.9 mm.; to apex of interradial 
angle, 2.9 mm. 

CAPILLASTER MULTIRADIATA. 


Figs. 7, §, p. 6. 


The articular faces of the radials are in general similar to those of C. sentosa. 

The dorsal ligament fossa is somewhat more flattened proximally. The inter- 
articular ligunede fosse are relatively lower and broader, their maximum height 
being about equal to that of the dorsal ligament fossa. Their distal edges signe 
downward from the intermuscular furrow, making a slight angle with the trans- 
verse ridge. Their maximum height is but very SEBhEe greater than one-half of 
the distance from the center of the central canal to the end of the transverse ridge. 
Owing to the outward and downward sloping of the distal edges of the interarticu- 
lar Hane fossee the muscular fosse are narrowly triangular: their greatest trans- 
verse diameter is about three times their greatest (outer) vertical diameter; their 
distal border is parallel to the transverse ridge; and their distal outer angle projects 
strongly. The interradial space between the articular faces is broader than in 
C’. sentosa, as the outer edge of the interarticular ligament fosse retreats more 
rapidly basally from the ends of the transverse ridge. ‘The ventral surface of the 
radial pentagon shows a slightly deeper incision in the radial areas than is seen in 
C’. sentosa. 

Diameter of radial pentagon at base, 42 mm.; height of articular face, 
1.9 mm.; width, at transverse ridge, 2.3 mm.; distance from center of rosette 
to middle of dorsal outer edge of radial, 2 mm.; distance from center of ventral 
face of radial pentagon to middle of ventral edge of radial, 1.5 mm.; to apex 
of interradial angle, 2.2 mm. 


NEMASTER RUBIGINOSA. 


See figs. 956, 957, pl. 1. 


NEMASTER DISCOIDEA, 


Figs. 9, 10, p. 6. 


The dorsal ligament fossa is very narrow, about four times as broad as high, 
with the proximal border evenly curved. The ligament pit is reniform, narrow, 
rather longer transversely than the greater (transverse) diameter of the oval 
central canal. 

The transverse ridges of adjacent joint faces are separated from each other 
interradially ; the interarticular and muscular fosse are separated interradially by 
a moderately wide shallow furrow. 
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The interarticular ligament fosse are about twice as broad as high, approxi- 
mately oblong, with the inner distal angle well rounded. The outer edges are 
more or less concave, especially proximally, the chord of the concavity slanting 
somewhat inwardly from the transyerse ridge, The distal edges may be more 
or less convex, especially inwardly, the chord of the convexity rising slightly 
inwardly. The inner edges are short, parallel, separated by a broad, shallow 
furrow about as wide as the greater (transverse) diameter of the central canal. 

The muscular fosse are very narrow, being about as broad as the transverse 
diameter of the central canal. Their inner edges are parallel, continuing up- 
ward the inner edges of the interarticular ligament fosse. Their distal edges 
follow the contour of the distal edges of the interarticular ligament fossw and 
are straight or slightly convex. The distal outer angles are well rounded and 
project somewhat beyond the sides of the interarticular hgament fosse. 

The ventral surface of the radial pentagon is filled with a coarse and loose 
calcareous deposit even with the distal edge of the muscular fosse. There is 
no central opening. 

Diameter of radial pentagon at base, 48 mm.; height of articular face, 1.3 
mm.: width, at transverse ridge, 3.3 mm.; distance from center of rosette to 
middle of dorsal outer edge of radial, 1.9 mm.; distance from center of ventral 
face of radial pentagon to middle of ventral edge of radial, 1.5 mm.; to apex 
of interradial angle, 2.6 mm. 


LEPTONEMASTER VENUSTUS. 


Migs! D1) 12->p. 6: 


The dorsal ligament fossa is broad and low, four or five times as broad as 
jugh The proximal border is moderately convex, passing into a slightly stronger 
curve at either end. The hgament pit is wider than the transversely oval central 
canal, but narrow and slightly reniform. 

The dorsal ligament fosse are not in lateral contact, and the transverse ridges 
of adjacent joint faces are rather widely separated. Distal to the transverse 
ridge the elements of the joint face are entirely and somewhat widely separated 
by a deep furrow which appears to extend inward to the central plug. 

The interarticular ligament fosse are about twice as broad as high. Taking 
the transverse ridge as their proximal border, they are approximately oblong 
but with the outer edges at first retreating rather rapidly and soon becoming 
perpendicular; the distal edge may be slightly convex, and there may be a slight 
upward slant toward the interior of the joint face. 

The muscular fossz are about as high as the distance from the distal margin 
of the central canal to the distal edge of the interarticular ligament fosse; their 
distal margin is parallel to the distal margin of the interarticular ligament fosse, 
but often slightly more convex. Their rounded outer distal corners project 
slightly beyond those of the interarticular ligament fossee, and their inner distal 
angles are well rounded; the intermuscular furrow is about as wide as half the 
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transverse (greater) diameter of the central canal. It is slightly constricted 
between the muscular fosse. 

The cavity on the ventral surface of the radial pentagon is filled nearly to 
the height of the distal edges of the muscular fosse with a loose calcareous 
deposit showing no central canal. 

Diameter of radial pentagon at base, 3 mm. ; height of articular face, 1.8 mm.; 
width, at transverse ridge, 2 mm.; distance from center of rosette to middle of 
dorsal outer edge of radial, 1.3 mm. ; distance from center of ventral face of radial 
pentagon to middle of ventral edge of radial, 0.8 mm.; to apex of interradial 
angle, 1.5 mm. 

COMATILIA IRIDOMETRIFORMIS. 


Figs. 18, 14. p. 15. 


The articular faces of the radials are entirely and widely separated from 
each other, just as in Veometra, by broad interradial processes formed by the 
produced lateral edges of two adjacent radials. The outline of each radial face 
as a whole is approximately semicircular. The production of the lateral edges 
of the radials has produced a corresponding distortion of the elements of the 
articular faces, these being laterally curved outward and somewhat elongated 
transversely. 

The dorsal ligament fossa is deep, and about two and one-half times as broad 
as high. The ligament pit is very narrow, though nearly as wide as the trans- 
versely oval central canal. 

The interarticular ligament fosse are triangular, with their inner apices 
on the level of the distal border of the central canal. The proximal and distal 
edges make approximately the same angle with the horizontal, and are nearly 
straight; the outer edges, which are about two-thirds the length of the other 
two, are somewhat convex. 

The muscular foss form elongated triangles with their apices outward. Their 
greatest height is equal to the distance from their lower borders to the transverse 
ridge; their inner edges are strongly convex. 

‘A. broad undifferentiated area incloses the central canal and extends laterally 
in the form of a long angle to the ends of the transverse ridge, its’ distal border 
following, and being delimited by, the proximal border of the interarticular liga- 
ment fosse; anteriorly (distally) this area is continued as a narrow intermus- 
cular septum concave on the summit which rapidly diminishes in height, being 
replaced after the proximal third of the muscular fossee by a narrow intermus- 
eular furrow. 

The ventral surface of the radial pentagon, which is sharply stellate, is 
covered by a somewhat concave loose caleareous deposit showing a small central 
canal. The produced interradial angles, and a border equal to one-half of the 
width of these interradial processes about the distal edges of the radial faces. 
are free from any secondary calcareous covering. 
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Diameter of radial pentagon at base, 1.5 mm.; median height of articular 
face, measured along the inclination, 0.8 mm.; maximum width, 0.7 mm.; dis- 
tance from center of rosette to middle of dorsal outer edge of radial, 0.6 mm.; 
distance from center of ventral face of radial pentagon to middle of ventral edge 
of radial, 0.5 mm.; to apex of interradial angle, 1 mm. 


CoMACTINUN-E. 


The interarticular ligament fosse are nearly or quite as high as broad. 

The distal border of the interarticular ligament fosse is usually slightly 
lower interiorly than exteriorly. 

There is a more or less abrupt change in direction between the outer edge 
of the interarticular ligament fosse and that of the muscular fosse, the latter 
projecting more or less outward. 

The inner ends of the muscular fosse are more or less within the inner distal 
angles of the interarticular ligament fosse. 

The muscular fosse in general slope more or less upward from the median 
axis of the joint face to the periphery. 

In addition to these characters the centrodorsal has no cirri, or (except in 
Comatulides) possesses a single crowded and regular row; in some cases the 
radial cirri are suppressed, leaving one or two in each interradial angle. 


COMATULA ROTALARIA, 


See figs. 958, 959, pl. 1. 


COMATULA SOLARIS. 


See figs. 960-962, pl. 1. 


COMATULA PECTINATA. 


Figs. 17, 18, p. 15. 


The articular faces of the radials lie in a plane parallel to the dorsoventral 
axis of the animal and including the proximal edge of the radials. The sculpture 
is moderate in relief. 

The dorsal ligament fossa is wide laterally and narrow dorsoyventrally, nearly 
oblong. It is nearly cr quite five times as broad as high. The proximal border 
is not at all, or only slightly, convex, curving sharply upward at either end. 
The ligament pit is large and reniform, much larger than the transversely oval 
central canal. 

The transverse ridges of adjacent articular faces are in lateral contact, and 
the ends of the dorsal ligament fosse may be more or less confluent. Inter- 
radially the interarticular ligament fosse are separated by a narrow parallel 
sided furrow, which is closed distally by the apposition of the muscular fosse. 

The interarticular ligament fossee are about as high as broad. Their lateral 
edges slope inward at the base, but are nearly or quite vertical for most of their 
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length. The distal edges are gently concave, the chord of the are formed rising 
slightly inwardly; at the inner corners the distal edges curve downward into the 
inner edges; these inner edges from the distal to the proximal part of the inter- 
articular ligament fosse diverge slightly, proximately curving around and meet- 
ing just above the central canal, over which the proximal end of the intermus- 
cular furrow is somewhat convex, following the outline of the canal. The broad 
shallow furrow separating the interarticular ligament fosswe at the distal border 
of the latter is about half as wide as they are at that point, or even slightly 
wider. It increases slightly in width proximally; its center may be more or less 
elevated. 

The muscular fosse are very narrow, with parallel sides and rounded ends. 
Their width is about equal to the transverse (greater) diameter of the central 
canal; their distal edges follow the curve of the distal border of the interarticular 
ligament fosse; their rounded outer angle extends somewhat beyond the distal 
outer angle of the interarticular ligament fosse; their inner termination extends 
slightly beyond the inner distal angle of the interarticular ligament fosse so 
that the intermuscular furrow is constricted at this point; their inner boundary 
joins the rounded inner angle of the interarticular ligament fosse at about the 
center of its curve. 

The ventral surface of the radial pentagon is covered with a moderately 
dense calcareous deposit which shows faint radial striations. The central canal 
is rather small. 

In the specimen at hand the general coloration is yellow brown, the transverse 
ridges and the rays of the basal star being violet in conspicuous contrast. 

Diameter of radial pentagon at base, 4.6 mm.; height of articular face, 2 
mm.; width, at transverse ridge, 3 mm.; distance from center of rosette to middle 
of dorsal outer edge of radial, 2 mm.; distance from center of ventral face of 
radial pentagon to middle of ventral outer edge of radial, 1.8 mm.; to angle 
between radials, 2.5 mm. 

COMATULA MICRASTER. 


Figs. 15, 16, p. 15. 


The dorsal ligament fossa is about two and one-half times as broad as high, 
only slightly convex proximally, curved upward with moderate abruptness at 
either end. The ligament pit is transversely oval, considerably larger than the 
central canal. 

The transverse ridges of adjacent joint faces are in apposition, but the dorsal 
ligament fosse are entirely separated. The elements distal to the transverse 
ridge are separated in the interradial angles by a shallow furrow about as broad 
as the shorter (vertical) diameter of the central canal. 

The interarticular ligament fosse are slightly higher than wide, approximately 
oblong. The outer edges retreat rather rapidly for a short distance from the 
ends of the transverse ridge, then becoming parallel to the dorsoventral axis, or 
leaning slightly outward in the distal portion. The distal border is practically 
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straight or slightly convex; the inner distal corners are well rounded; the inner 
sides are parallel and are separated by a rather broad, shallow, intermuscular 
furrow, somewhat wider than the transverse (greater) diameter of the central 
canal. 

The muscular fosse are narrow, about as broad as the dorsoventral diameter 
of the central canal, or slightly broader, with their distal edges parallel to the 
distal edges of the interarticular ligament fosse; their inner edges are well 
rounded and project somewhat farther into the intermuscular furrow than the 
inner angles of the interarticular ligament fosse; the outer distal angles are more 
sharply rounded and project beyond the corresponding angles of the interarticular 
ligament fosse. 

The central portion of the ventral surface of the radial pentagon is occupied 
by a very coarse calcareous reticulation the meshes of which are somewhat more 
dense than is usually the case. 

Diameter of radial pentagon at base, 3 .mm.; height or articular face, 1.4 
mm.; width, at transverse ridge, 2. mm.; distance from center of rosette to middle 
of dorsal outer edge of radial, 1.8 mm.; distance from center of ventral face of 
radial pentagon to middle of ventral edge of radial, 1 mm.; to apex of interradial 
angle, 1.8 mm. 

COMACTINIA ECHINOPTERA. 


Figs. 19, 20, 28, 24, p. 15. 


The dorsal ligament fossa is about three times as broad as high, with the 
proximal border broadly and evenly curved; the ligament pit is oval, consider- 
ably larger than the central canal. 

The transverse ridges of adjacent articular faces are in contact laterally; 
the lateral ends of the adjacent dorsal ligament fosse are also in apposition. The 
interarticular ligament fosse are separated in the interradial angles by a narrow 
groove, which is continued outward between the muscular fosse. 

The interarticular ligament fosse are about one-third broader than high, 
approximately oblong, with the inner distal angle rounded, sometimes broadly So. 
The distal margin may be more or less convex, and the outer margin retreats 
somewhat basally from the ends of the transverse ridge. The inner edges are 
parallel and straight, about as far apart as the transverse (greater) diameter 
of the oval central canal. 

The muscular fossxe, which are comparatively large, are nearly as high as 
the interarticular ligament fosse. Their distal border is broadly convex : their 
inner borders straight and parallel, not much more than half as far apart as 
those of the interarticular ligament fosse. Their outer border makes an angle 
of nearly 30° with that of the outer edge of the interarticular ligament fosse, 
The chord of the distal convexity of the muscular fosse may be horizontal, or 
inclined slightly inward. : 

The ventral surface of the radial pentagon is entirely covered with a rather 
coarse and loose calcareous deposit through which there is no special central canal. 
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Vics. 18-24.—RapIaAL PENTAGONS OF VARIOUS COMATULIDS. 13. COMATILIA IRIDOMETRIFORMIS, LATERAL 


VIEW OF RADIALS AND CENTRODORSAL. 14. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 15, COMA- 
TULA MICRASTER, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 16, SAME, VENTRAL VIEW OF RADIAL 
PENTAGON, 17. COMATULA PECTINATA, LATERAL VIHW OF RADIALS AND CENTRODORSAL. 18. SAME, VENTRAL 
VIEW OF RADIAL PENTAGON. 19. COMACTINIA ECHINOPTERA, LATERAL VIEW OF RADIALS AND CPNTRODORSAL. 
20. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 21. COMASTER FRUTICOSUS, LATERAL VIEW OF RADIALS 
AND CENTRODORSAL. 22, SAME, VENTRAL VIEW OF RADIAL PENTAGON. 23. COMACTINIA ECHINOPTERA, 
LATBRAL VIEW OF RADIALS AND CRNTRODORSAL. 24. SAME, VENTRAL VIBW OF RADIAL PENTAGON, 
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Diameter of radial pentagon at base, 4.7 mm.; height of articular face, 2.3 
mm.; width, at transverse ridge, 2.9 mm.; distance from center of rosette to 
middle of dorsal outer edge of radial, 1.9 mm.; distance from center of ventral 
face of radial pentagon to middle of ventral edge of radial, 1.3 mm.; to apex 
of interradial angle, 2.2 mm. 

Another specimen measures: Diameter of radial pentagon at base, 3.8 mm.; 
height of articular face (measured along the inclination), 1.7 mm.; width, at 
transverse ridge, 2.3 mm.; distance from center of rosette to middle of dorsal 
outer edge of radial, 1.6 mm.; distance from center of ventral face of radial 
pentagon to middle of ventral edge of radial, 1 mm.; to apex of interradial 
angle, 1.5 mm. 

COMACTINIA MERIDIONALIS. 


See figs. 9638, 964, pl. 1. 
CoMASTERIN®. 


The interarticular ligament fosse are nearly or quite as high as, or even higher 
than, broad. 

The distal edges of the interarticular ligament fosse are horizontal, or are 
somewhat higher exteriorly than interiorly. 

There is no change in direction between the interarticular ligament fosse and 
the muscular fosse. 

The inner ends of the muscular fosse are inserted well within the inner distal 
angles of the interarticular ligament fosse. 

Tn general the muscular fosse have their proximal and distal edges parallel, 
and lie horizontally. 

Tn addition to these characters the centrodorsal usually bears no cirri, or is 
equipped with several rows. If there is only a single row it is irregular and more 
or less irregularly deficient. 


COMASTER FRUTICOSUS. 
Figs. 21, 22, p. 15. 


The radial articular faces lie in planes parallel to the dorsoventral axis of the 
animal. The sculpturing is comparatively slight, there being but very little exca- 
vation in the dorsal ligament fossa. 

The dorsal ligament fossa is very narrow, about four times as broad as high, 
with the proximal edge straight and parallel to the transverse ridge for most of its 
length, at either end curving rather abruptly upward to the ends of the trans- 
verse ridge. 

The dorsal ligament fosse are entirely separated from each other, but the 
transverse ridges, which are narrow and stand out prominently, may be more or 
less united with their neighbors. 


There is no rim about the central canal. 
Shortly beyond the apposed ends of the transverse ridges the lateral borders of 
the interarticular ligament fosse diverge somewhat, soon becoming parallel again, 
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so that, viewed interradially, they are seen to be separated by a narrow U reaching 
downward nearly to the transverse ridge. Their distal edges, which are straight 
or very slightly convex and parallel to the transverse ridge, run inward for a dis- 
tance equal to between one-half and three-quarters of the height of the interarticular 
ligament fosse, then sweep downward in the form of a concave margin to the 
upper part of the central canal; this margin is usually more or less irregular. The 
space between the interarticular ligament fosse is very broadly U-shaped to semi- 
circular, and is somewhat larger than the adjacent part of the interarticular liga- 
ment fosse. It is only slightly depressed below the general surface, and is marked 
with more or less irregular strong Jongitudinal (dorsoventral) striations, which are 
continuations of the radiating striations on the ventral surface of the radial 
pentagon. 

The muscular fosse are linear and narrow, lying along the distal edge of the 
interarticular ligament fossx and just rounding their inner distal angles. 

The ventral surface of the radial pentagon is covered by a spongy calcareous 
mass marked ventrally with more or less regular fine radial striations which reach 
to the height of the distal border of the muscular fosse. The central canal is 
moderately large. 

Diameter of radial pentagon at base, 6.1 mm.; height of articular face, 2.5 mm. ; 
width, at transverse ridge, 4 mm.; distance from center of rosette to middle of 
dorsal outer edge of radial, 2.8 mm.; distance from center of ventral surface of 
radial pentagon to middle of ventral outer edge of radial, 2.8 mm.; to apex of 
interradial angle, 3 mm. 


COMASTER PARVUS. 


Figs. 25, 26, p. 20. 


The dorsal ligament fossa is about three times as broad as high, with the 
proximal border regularly elliptical. The ligament pit is transversely oval, and 
about as large as the central canal. 

The ends of the transverse ridges of adjacent joint faces are joined, but the 
dorsal ligament foss are widely free; the joint face elements distal to the trans- 
verse ridge are separated by a broad shallow V-shaped gap. 

The outer borders of the interarticular ligament and muscular fossee make an 
angle of about 60° with the transverse ridge. The edges of the interarticular 
ligament fosse are more or less concave. The maximum (outer) height of the 
interarticular ligament fosse is about equal to that of the dorsal ligament fossa. 
From the outer distal angles the distal edges of the interarticular ligament fosse 
run inward and slightly downward to the intermuscular furrow, which they join 
at a point about as high above the distal border of the central canal as the hori- 
zontal (greater) diameter of the canal. They may be nearly straight, evenly 
convex, or nearly straight outwardly and becoming more convex inwardly. If the 
convexity is strong they may join the intermuscular furrow at a point above the 
distal border of the central cana] about as far distant as the median (shorter) 
diameter of the canal. 
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Proximally the intermuscular furrow is about as broad as the central canal, 
from which it is separated by a narrow rim, or it may be slightly broader. It 
gradually narrows distally, being scarcely half as broad between the muscular fossee. 

The muscular fossee are small and narrow, slightly crescentic, with the distal 
edges almost parallel with the proximal. The inner angles are inserted within the 
distal inner angles of the interarticular ligament fosse; they are about as broad as 
the width of the intermuscular furrow between them. 

The inner portion of the radial pentagon is obscured by a deposit of calcareous 
matter, the surface of which is marked with narrow radiating furrows. There is 
no open central canal. This deposit, though entirely concealing the inner ends and 
surfaces of the radials and obliterating the sutures between them, is thin, and 
follows the contour of the inner surface of the radials, so that in a general view the 
ventral surface of the radial pentagon appears deeply hollowed. 

Diameter of radial pentagon at base, 3 mm.; height of articular face, 1 mm.; 
width, at transverse ridge, 2 mm.; distance from center of rosette to middle of 
dorsal outer edge of radial, 1.7 mm.; distance from center of ventral face of radial 
pentagon to middle of ventral edge of radial, 0.9 mm.; to apex of interradial 
angle, 1.3 mm. 


ZYGOMETRIDA. 


The articular faces of the radials lean inward at an angle of approximately 
45° to the dorsoventral axis. 

The excavation of the various elements of the joint face is moderate, as 
there is but a limited amount of motion to be accommodated. 

The relatively deeper and more extensive excavation of the joint faces has 
tended to narrow the broad flat area distal to the transverse ridge, as seen in 
the Comasteridx, making of it a narrow rim about the central canal which slopes 
downward on either side to the transverse ridge. 

The joint face elements on either side of the transverse ridge are in the same 
plane, or, if not, the dorsal ligament fossa makes a smaller angle with the dorso- 
ventral axis of the animal than the elements distal to the transverse ridge. 

The dorsal ligament fossa is as high as, or slightly higher than, the inter- 
articular ligament fosse, and its proximal border is usually slightly flattened. 
The ligament pit is strongly marked, broadly oval, larger than the central canal. 

The central canal is moderately large and broadly oval. 

The joint face elements distal to the transverse ridge are separated in the 
median line by a rather narrow intermuscular furrow which does not exceed 
one-third of the transverse diameter of the central’ canal in proximal width; 
distally its sides diverge slightly, and it is not constricted between the muscular 
fossee. 

The interarticular ligament fosse are approximately triangular, with the 
proximal inner angles broadly truncated by the elevation about the central catial. 

The muscular foss® are narrow and crescentic, their greatest diameter being 
less than one-third of the height of the interarticular ligament fossxe. Their 
inner ends rest upon the distal portion of the rim about the central canal; their 
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inner halves are nearly parallel with the median axis of the joint face, and 
their outer approximately at right angles to it. The vertical and horizontal 
portions are united in a broad curve, in which the muscular fossx attain their 
maximum width. 

The ventral face of the radial pentagon is pentagonal or decagonal in out- 
line. The radial portions are not incised. 

The central plug may cover only the inner ends of the radials, or it may 
cover their entire inner surface and rise to the level of the distal edge of the 
muscular fosse; it is coarser in structure in the center than toward the periphery, 
but there is no free central canal. The radial canals, when not obscured by the 
deposition of calcareous matter, are very broad. 


ZYGOMETRA COMATA. 


Figs. 27, 28, p. 20. 


09 


The dorsal ligament fossa is between two and one-half and three times as 
broad as the median length, evenly convex proximally, but at the corners bend- 
ing upward rather more strongly so as to join the ends of the transverse ridge 
approximately at a right angle. 

The ends of the transverse ridges of adjacent joint faces are just in apposition, 
but the dorsal ligament fosse are entirely closed and do not communicate laterally 
with each other. 

The outer edges of the interarticular ligament fossee run inward at a rather 
small angle with the dorsoventral axis of the animal. They are usually more 
or less concave, this concavity beimg most marked proximally and dying away 
distally. Just beyond the somewhat large transversely oval central canal is a 
horizontal slightly -raised ridge about one-fourth or one-third again as broad as 
the diameter of the central canal which marks the proximal border of the mus- 
cular fosse. From the ends of this rim the inner edges of the interarticular liga- 
ment fosse run perpendicularly (parallel with each other) upward to a point 
about as far from the ridge as that is from the nearest part of the dorsal liga- 
ment fossa, then turn outward somewhat abruptly and run to the outer edge at 
a slight angle to the horizontal. The greatest (exterior) height of the inter- 
articular ligament fosse is about equal to the greatest (proximal) width, which 
itself is about equal to the maximum height of the dorsal ligament fossa. The 
portions of the interarticular ligament fosse beyond the central canal are sepa- 
rated by a rectangular gap equal in breadth to the diameter of the interarticular 
ligament fossv at this point, and not quite twice as broad as long. 

The distal edges of the muscular fosse form a straight line with each other. 
The outer corners are curved downward to the outer distal angles of the inter- 
articular ligament fosse; the inner distal angles are rounded off, the inner edges 
being parallel and running to the ridge mentioned above as just beyond the 
central canal. The inner edges of the muscular fosse reach this ridge in such 
a way as to divide the space between the interarticular ligament fosse into thirds. 
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Pics, 25-38,—RapIaAL PENTAGONS AND RADIAL ARTICULAR PACES OF VARIOUS COMATULIDS. 25. COMASTER 
PARVUS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 26, SAME, VENTRAL VIEW OF RADIAL PENTAGON. 
27. ZYGOMETRA COMATA, LATRRAL VIEW OF RADIALS AND CENTRODORSAL, 28, SAME, VENTRAL VIEW OF 
RADIAL PENTAGON. 29, EUDIOCRINUS ORNATUS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 30. SAME, 
VENTRAL VIEW OF RADIAL PENTAGON. 31, SAME, A RADIAL ARTICULAR FACE. 32. CATOPTOMETRA HARTLAUBI, 
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 33. SAME, VENTRAL VIEW OF RADIAL PENTAGON, 34, 
HETEROMETRA PHILIBERTI, LATERAL VIEW OF RADIALS AND CENTRODORSAL, 35. SAME, VENTRAL VIEW OF 
RADIAL PENTAGON, 36. SAME, A RADIAL ARTICULAR FACE. 37. AMPHIMETRA PAPUENSIS, LATERAL VIEW OF 
RADIALS AND CENTRODORSAL. 38. SAME, VENTRAL VIEW OF RADIAL PENTAGON, 
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The muscular fossee are separated by a shallow groove about as wide as their 
inner downward extensions. This groove may be more or less carinate at the 
bottom. The inner edge of the muscular fosse is about as long as the distal, 
and is perpendicular to it. Both are about as long as the distance between the 
inner distal angles of the interarticular ligament fossee and the transverse ridge. 
The muscular fosse in shape resemble a boomerang, or broad gamma, the hori- 
zontal limb being somewhat thicker than the vertical. 

The space between the radials ventrally is filled with an open calcareous 
filling the surface of which is plane and on the same level with the distal edges 
of the muscular fosse. It is covered with small papille. The central canal is 
moderately small, as in Catoptometra hartlaubi. 

Diameter of radial pentagon at base, 4 mm.; height of articular face (meas- 
ured along the inclination), 1.7 mm.; width, at transverse ridge, 2.1 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 1.9 mm.; dis- 
tance from center of ventral face of radial pentagon to middle of outer ventral 
face of radial, 1 mm.; to apex of interradial angle, 1.3 mm. 


CATOPTOMETRA HARTLAUBI,. 


Figs. 32, 33, p. 20, 


The dorsal ligament fossa is narrow, about four times as broad as long. 
The proximal edge is comparatively slightly convex, and the lateral angles are 
truncated, so that lateral edges are formed which are about half as long as the 
median diameter of the dorsal ligament fossa, or slightly longer. 

The interarticular ligament fosse are about as high as broad, the height 
being about equal to that of the dorsal ligament fossa. The lateral edges 
retreat sharply from the transverse ridge, taking the same general direction 
as the lateral edges of the dorsal ligament fossa, and, like them, being more 
or less concave, rather more prominently so than they. The inner angle is 
broadly truncated by the rim about the somewhat large central canal. The inner 
edges run outward and upward at an angle of about 45° to a point slightly be- 
yond the middle of the horizontal portion of the distal edge, then curves and 
runs almost or quite parallel to the transverse ridge to the outer edge. The 
distal inner corners of the interarticular ligament fossw are separated by the 
distance equal to the horizontal diameter of the central canal. 

The muscular fossee may be described as forming roughly a right-angled tri- 
angle, the distal edge forming the base, with the hypothenuse concave (being formed 
by the distal edge of the interarticular ligament fosse), the angles broadly rounded, 
and the base somewhat convex. The greatest (innermost) height is about one- 
third less than the greatest horizontal diameter. The distal edges are slightly 
convex or almost straight, running in a general horizontal direction, outwardly 
curving downward to the distal outer corner of the interarticular ligament fosse, 
inwardly, with a similar or somewhat broader curve, running into the parallel inner 
edges which reach the raised rim about the central canal between, and slightly 
above, the inner distal angles of the interarticular ligament fossze. in such a way as 


22 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


to divide the space between these angles approximately into thirds. The muscular 
fosse are separated by a furrow, the diameter of which is about one-third the 
diameter of the central canal. This furrow may carry a rounded carination in the 
median line, on the highest part of which are a few spicules. The greatest (in- 
terior) height of the muscular fosse is somewhat less than the greatest dorsoventral 
height of the interarticular ligament fossee. The distal diameter of the muscular 
fosse is not quite so great as the proximal diameter of the interarticular liga- 
ment fosse. 

The ventral surface of the radial pentagon is covered by a spongy calcareous 
mass, very slightly concave on its surface, which reaches nearly to the upper edges 
of the muscular fossee. The central canal is rather small. 

Diameter of radial pentagon at base, 4.7 mm.; height of articular face (meas- 
ured along the inclination), 1.9 mm.; width, at transverse ridge, 2.2 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 2.2 mm.; distance 
from center of ventral face of radial pentagon to middle of ventral edge of radial, 
1 mm.; to apex of interradial angle, 1.3 mm. 


EUDIOCRINUS ORNATUS. 


Figs. 29, 30, p. 20. 


The dorsal ligament fossa is rather low, between three and four times as broad 
as high. The proximal border is but slightly convex, at either end turning upward 
in a moderately broad curve to the ends of the transverse ridge. The ligament pit 
is rounded oval, about as large as the central canal. 

The ends of the transverse ridges of adjacent articular faces are entirely sep- 
arated from each other, though the distance between them is small. The dorsal 
ligament fossex are well separated; distal to the transverse ridge the articular faces 
are separated by a narrow interradial groove which slowly increases in width 
distally. 

The outer edges of the interarticular ligament fosse slope inward at an angle 
of about 45° and continue this direction until they reach a length nearly or quite 
equal to the distance from the central canal to the end of the transverse ridge. 
They then turn inward, and this anterior or distal border takes a direction toward 
the opposite side of the transverse ridge (on the other side of the central canal) 
until about two-thirds of the distance to the perpendicular passing through the 
nearer end of the central canal is accomplished, when it turns rather abruptly 
downward, reaching a point just above the central canal, but at the side of the 
median axis of the joint face. 

A narrow but rather deep intermuscular furrow reaches to the upper border of 
the central canal. The sides of the interarticular ligament fosse which border this 
furrow are somewhat thickened. 

The muscular fossee are much reduced and erescentic. The outer edge of the 
interarticular ligament fosse is continued in the same direction as the outer edge 
of the muscular fosse, but almost immediately begins to curve gradually inward, 
the radius of the curve gradually shortening until it bends downward into the inner 
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border of the muscular foss. These inner borders are parallel and are separated 
by a narrow intermuscular furrow. The muscular fosse reach just to the distal 
border of the central canal. 

The central part of the interior of the radial pentagon yentrally is occupied 
by a loose calcareous deposit concealing the inner ends of the radials and the rosette 
from ventral view. 

Diameter of radial pentagon at base, 3.3 mm.; height of articular face (meas- 
ured along the inclination, 1 mm. ; width, at transverse ridge, 1.7 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 1.5 mm.; distance 
from center of ventral face of radial pentagon to middle of ventral edge of radial, 
0.6 mm. ; to apex of interradial angle, 1.2 mm. 


HIMEROMETRID& and MARIAMETRID#. 


The Himerometride and Mariametride may well be consdered together, as 
they differ but little in their structure, except in regard to the arms and pinnules. 
I have never been able to dissect a representative of the Stephanometride, but it 
seems probable that the radial articular faces in this family will be found to be 
very similar to those in the Mariametride. 

The relation of the articular faces of the radials to the dorsoventral axis of 
the animal varies from nearly parallel to an angle of about 60°. 

The excavation or relief of the several joint face elements varies more or less 
in different species, and is more or less inversely proportionate to the size of the 
angle between the plane of the joint face and the dorsoventral axis, and more or 
less directly proportionate to the size of the muscular fosse. In large species with 
numerous arms where the muscular fosse are considerably reduced and the articular 
faces are nearly parallel to the dorsoventral axis the excavation of the joint faces 
as a rule is slight, as in the Comasteride, for, as in that family, there is little 
motion to be accommodated here; but in smaller species with few arms, where the 
muscular fosse are proportionately large, the basal portion of the postradial series 
not having become semirigid, restricting the arm movement to beyond the bases 
of the free undivided arms, as is the case with the species with numerous arms, 
and there is a considerable angle between the articular faces and the dorsoventral 
axis, the sculpture of the joint faces is deep. The relief of the articular faces is, 
in the portion distal to the transverse ridge, deeper exteriorly than interiorly. 

In large species, or in species with numerous arms, where there is but little 
proximal interarticular motion, there is no definite raised area bordering the 
transverse ridge anteriorly and encircling the central canal, so that the interarticu- 
lar ligament fossz appear to extend proximally quite to the transverse ridge, as in 
certain comasterids; but there is always a high ridge between the central canal and 
the deep intermuscular furrow which adjoins it distally. 

Progressive excavation begins first along the outer edge of the interarticular 
ligament fosse and gradually extends inward and downward, so that, little by 
little, a raised area bordering the transverse ridge anteriorly and surrounding the 
central canal becomes evident which is at first broad, but later becomes, with 
increasing differentiation, narrower and narrower, finally assuming the form of a 
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high narrow rim about the lateral and distal edges of the central canal, which is 
continued laterally in the shape of a high border along the transverse ridge more 
or less broad interiorly but tapering gradually to a point at either end of the 
transverse ridge. The presence of a rim about the central canal, therefore, 1s 
due to the amount of action between the radials and the IBr, and the correlated 
amount of excavation, and has no systematic significance of itself apart from this. 
The depth of the dorsal ligament fossa and the depth of the ligament pit 1s in 
general proportionate to the depth of the interarticular ligament fossee and the 
correlated size of the muscular fosse. 

The elements of the joint face on either side of the transverse ridge are usually 
in the same plane; if there is any difference, the plane of the dorsal ligament fossa 
makes a slightly greater angle with the dorsoventral axis than the plane of the 
distal elements. 

The dorsal ligament fossa is large, with the proximal border well rounded 
and never flattened. The ligament pit is strongly marked, reniform, oval, or cir- 
cular, usually about the size of the central canal, which is broadly oval and 
moderate in size. 

The joint face elements distal to the transverse ridge and the central canal 
are separated interiorly by a broad and shallow intermuscular furrow as broad 
as to very much broader than the central canal, which may have parallel sides, 
may be very broad proximally and strongly constricted between the muscular 
fossee, or may increase gradually in width distally. 

The interarticular ligament fosse are usually considerably higher than the 
dorsal ligament fossa, higher than broad, irregularly quadrate or oblong. They 
are usually deeply hollowed, at least exteriorly. Their outer edges are more or 
less strongly concave, at least basally; their distal edges are straight, or more or 
less strongly convex, and may be parallel to the transverse ridge, but usually run 
more or less inward and downward, sometimes almost directly from the outer 
distal angles to the central canal. The inner distal angles, however, are never 
obliterated, though they may be very broadly rounded. 

The muscular fosse are variable in size, but are always smaller than the 
interarticular ligament fosse. They may be greatly reduced and narrowly linear, 
or even apparently absent, but are usually comparatively broad exteriorly, gradu- 
ally narrowing to a point just at, or somewhat within, the distal angles of the 
interarticular ligament fosse; they may have two slight ridges across them parallel 
to their distal margin which probably represent the limits of annual growth before 
maturity or full size is reached. Their outer distal angle always projects strongly 
outward beyond the outer edge of the interarticular ligament fossz. 

The ventral face of the radial pentagon is pentagonal or bluntly stellate. In 
small 10-armed species or in 10-armed young it is sometimes rather deeply stellate, 
so that the interradial radius may be twice as long as the radial radius. 

The ventral plug is well developed and has a flat or slightly concave surface, 
which is nearly or quite on a level with the distal edges of the muscular fosse. It 
almost or quite conceals the inner surface of the radials. The radial canals are 
short, narrow, or quite obliterated; there is rarely a free central canal. 
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HIMEROMETRID 2. 


The intermuscular furrow is broad proximally and is usually strongly con- 
stricted distally; rarely the sides are parallel. 

The interarticular ligament fosse are oblong to irregularly quadrate, consid- 
erably higher than the dorsal ligament fossa. 


HIMEROMETRA MARTENSI, 
Figs. 41, 42, p. 26. 


The dorsal ligament fossa is large, twice as broad as long, regularly and 
strongly concave dorsally. 

The ends of the transverse ridges of adjacent joint faces do not meet and the 
dorsal ligament fossx are entirely separated from each other interradially. 

There is no distinct rim about the central canal. 

The lateral borders of the interarticular ligament fosse at first retreat rapidly 
from the ends of the transverse ridge, but soon curve, so that in the distal half they 
are nearly or quite parallel to the dorsoventral axis of the animal, or may even turn 
outward somewhat. Viewed perpendicularly to their surface the interarticular 
ligament fosse are seen to be about as high as the distance between the central 
canal and the end of the transverse ridge. The distal edges, which are horizontal, 
straight, or very slightly convex, are about as iong as the distance from the central] 
canal to the inner distal angle; outwardly they pass over in a moderately sharp 
curve into the lateral edges, which at first are approximately at right angles to 
them, but very gradually begin to turn outward in the proximal third, running 
outward rather rapidly to the ends of the transverse ridge; inwardly the distal 
edges curve downward rather sharply, the two inner edges being practically par- 
allel and separated by a broad deep furrow which is wider than the horizontal 
diameter of the central canal. At the distal edge of the central canal the lateral 
edges of the interarticular ligament fosse curve inward and meet each other, 
forming a broadly U-shaped proximal end to the median furrow. 

The muscular fossee are exceedingly reduced, narrowly linear, and sometimes 
more or less interrupted. They run along the distal edge of the interarticular 
ligament fosse, disappearing at the interior and exterior distal angles, and are 
so inconspicuous that a close examination is necessary to discover them. 

Diameter of radial pentagon at base, 6.6 mm.; height of articular face 
(measured along the inclination), 2.9 mm.; width, at transverse ridge, 3.5 mm.: 
distance from center of rosette to middle of dorsal outer edge of radial, 3.1 mm.; 
distal from center of ventral face of radial pentagon to middle of outer ventral 
edge of radial, 1.6 mm.; to apex of interradial angle, 2.2 mm. 


CRASPEDOMETRA ACUTICIRRA. 
Figs. 43, 44, p. 26. 


The dorsal ligament fossa is large, somewhat over twice as broad as long, 
with the proximal border strongly convex and the lateral angles slightly truncated. 
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ies. 39-50.—RapIAL PENTAGONS OF VARIOUS COMATULIDS. 
RADIALS AND CENTRODORSAL. 40. SAME, VENTRAL VIEW OF RADIAL PENTAGON, 41, HIMEROMETRA MAR- 
TENSI, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 42, SAME, VENTRAL VIBW OF RADIAL PENTAGON. 
45. CRASPEDOMETRA ACUTICIRRA, LATERAL VIEW OF RADIALS AND CENTRADORSAL. 44, SAME, VENTRAL VIEW 


39. AMPHIMETRA ENSIFER, LATERAL VIEW OF 


OF RADIAL PENTAGON, 45. HETEROMETRA REYNAUDII, LATERAL VIEW OF RADIALS AND CENTRADORSAL, 46. 
SAME VENTRAL VIEW OF RADIAL PENTAGON. 47. MARIAMETRA SUBCARINATA, LATERAL VIEW OF RADIALS 
AND CENTRODORSAL. 48. SAME, VENTRAL VIEW OF RADIAL PENTAGON, 49. LAMPROMETRA PROTECTUS, 
UATERAL VIEW OF RADIALS AND CENTRODORSAL. 50. SAME, VENTRAL VIEW OF RADIAL PENTAGON, 
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The lateral borders of the interarticular ligament fosse are rather strongly 
concave, the curve being somewhat stronger in the distal than in the proximal 
halves. The outer distal corners of the muscular fosse are very nearly directly 
above the ends of the transverse ridge. Viewed perpendicularly the interarticular 
ligament fosse appear about as high as the distance from the end of the transverse 
ridge to the central canal. The lateral edges are concave and, as a whole, slope 
slightly inward; the distal borders are more or less convex with the chord of the 
convexity slightly inclined, so that the inner distal corners are about one-fifth of 
the length of the lateral border below the outer. The inner distal angles are 
broadly rounded and the inner borders are S-shaped, the distal lobe of the S being 
formed by the inner corners and the lower by a broadly rounded notch of about 
the same size, which inwardly reaches the distal margin of the central canal. 
There is no raised rim about the central canal. The furrow between the inter- 
articular ligament fosse is therefore of a broad double S or gourd shape, the 
diameter of the expanded basal portion being approximately equal to the width 
of the interarticular ligament fossz at that point. 

The muscular fossx are narrow, with parallel sides; outwardly they project 
in the form of an acute angle beyond the outer distal corners of the interarticular 
ligament fosse; inwardly they run to just beyond the inner distal angles of the 
interarticular ligament fosse, where they taper to a point. The distance between 
the inner sides of the muscular fosse as they curve downward is about equal to 
their own width and is considerably less than the distance between the inner distal 
corners of the interarticular ligament fosse just below. 

The space between the radials ventrally is filled to the height of the distal 
edges of the muscular fosse with a spongy calcareous mass. almost plane on the 
ventral surface, with a small central canal. 

Diameter of radial pentagon at base, 5 mm.; height of articular face (measured 
along the inclination), 2.5 mm.:; width, at transverse ridge, 2.8 mm.; distance from 
center of rosette to middle of dorsal outer edge of radial, 2.3 mm.; distance from 
center of ventral face of radial pentagon to middle of ventral outer edge of 
radial, 1.4 mm.; to apex of interradial angle, 1.8 mm. 


HETEROMETRA REYNAUDII. 


Figs. 45, 46, p. 26. 


The edges of the dorsal ligament fossa lie in a plane making only a small 
angle with the dorsoventral axis. From the ends of the transverse ridge onward 
the sides of the interarticular ligament and muscular fosse together form a strongly 
concave line, so that the outer ends of the muscular fosse are not much within 
the ends of the transverse ridge, being in about the same plane in reference to the 
dorsoventral axis as the inner border of the central canal. 

The dorsal ligament fossa is somewhat over twice as broad as long; the 
proximal border is slightly flattened. 
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The fosse distal to the transverse ridge are separated interradially by a narrow 
lenticular gap running from near the ends of the transverse ridge to the outer 
angles of the muscular fosse. 

The outer border of the interarticular ligament fosse is rather strongly con- 
cave, and has a general trend inward, so that the outer distal angles of the inter- 
articular ligament fossx lie over a point about halfway between the central canal 
and the ends of the transverse ridge. The distal border is slightly convex and runs 
inward and downward at an angle of approximately 45°; inwardly the edges 
make a rather broad curve and the inner edges run parallel to the outer (thus 
diverging) until the level of the distal border of the central canal is reached, 
when they turn in a rather sharp but regular curve and reach the central canal 
just below its distal edge. The shallow groove between the interarticular ligament 
fosse is, at the inner distal angles of the latter, about as wide as the diameter of 
the interarticular ligament fosse at that point. 

The muscular fosse are narrow, about as wide as the space between them 
(which is less than that between the distal inner angles of the interarticular hga- 

ment fosse). The proximal and distal borders are parallel; inwardly they turn 
downward rather abruptly, their outer borders running parallel or diverging very 
slightly, meeting the border of the interarticular ligament fosse at the inner angle 
in a sharp point; outwardly the muscular fosse project beyond the outer distal 
corners of the interarticular ligament fosse in the form of a rounded triangle the 
length of which is about equal to the length of the distal edge of the interarticular 
ligament fossee. 

The space between the radials ventrally is filled to the level of the distal 
edges of the muscular fossee with a porous calcareous filling marked on the sur- 
face with indistinct radiating lines or papille and with a comparatively large 
central canal, in comparison with the relatively small size of the ventral face of 
the radial pentagon. 

Diameter of radial pentagon at base, 5 mm.; height of articular face (meas- 
ured along the inclination), 2.8 mm.; width, at transverse ridge, 2.5 mm.; distance 
from center of rosette to middle of outer dorsal edge of radial, 2.3 mm.; distance 
from center of ventral face of radial pentagon to middle of outer ventral edge 
of radial, 0.8 mm.; to apex of interradial angle, 1.2 mm. 


HETEROMETRA PHILIBERTI. 


Vigs. 34-36, p. 20. 


The dorsal ligament fossa is about twice as broad as high, nearly semicir- 
eular. The ligament pit is circular, somewhat larger than the transversely oval 
central canal. 

The transverse ridges of adjacent joint faces join in the interradial angles, 
but the dorsal ligament fosse are widely free. The interarticular ligament fosse 
are separated in the interradial angles by a narrow V-shaped opening, which is 
‘ridged over distally by the apposition of the muscular fosse. 
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The outer edges of the interarticular ligament fosse make an angle of 
approximately 60° with the transverse ridge and are slightly and uniformly 
concave. The outer distal angles are very sharp, the distal borders of the fosse 
running inward and downward at an angle of about 60°. After reaching a 
length equal to nearly or quite one-half that of the outer border the distal edges 
turn abruptly downward and, after making a deep S-shaped curve, the two 
edges join just above the central canal. This lower edge of the intermuscular 
furrow is bowed upward, following the curvature of the central canal from 
which it is separated by a very narrow isthmus. 

The muscular fosse are small, rounded triangular, with the apex at the 
inner distal angle of the interarticular ligament fossze. Their distal edges are 
convex, the chord of the convexity being approximately parallel with the trans- 
verse ridge. Their rather sharply rounded outer angles project somewhat beyond 
the outer distal angle of the interarticular ligament fosse; their broadly rounded 
inner angles are very widely separated. The intermuscular furrow is shallow, but 
very broad; its lateral borders vary from parallel with the lateral borders of 
the interarticular ligament fosse to almost parallel with each other; as a rule 
the condition is nearer the latter. At the level of the distal edge of the central 
canal the width of the intermuscular furrow is about equal to the distance from 
the end of the transverse ridge to a perpendicular from the transverse ridge to 
the outer border of the furrow; distally the width of the furrow decreases, being 
not much more than one-half as great between the inner angles of the muscular 
fossee. 

The ventral surface of the radial pentagon is covered with a loose calcareous 
deposit which reaches nearly to the height of the distal edges of the muscular 
fosse. 

Diameter of radial pentagon at base, 3.6 mm. ; height of articular face (meas- 
ured along the inclination), 1.9 mm.; width, at transverse ridge, 1.9 mm.; dis- 
tance from center of rosette to middle of dorsal outer edge of radial, 1.8 mm.; 
distance from center of ventral face of radial pentagon to middle of ventral face 
of radial, 0.8 mm.; to apex of interradial angle, 1.1 mm. 


AMPHIMETRA ENSIFER. 


Figs. 39 40, p. 26. 


The dorsal ligament fossa is deep, not quite twice as broad as high, evenly 
curved proximally. The ligament pit is rounded reniform, about the size of the 
central canal. 

The ends of the transverse ridges just join laterally, but the dorsal ligament 
fosse are widely free, owing to the low angle at which their proximal borders 
join the ends of the transverse ridges. 

The interarticular ligament fosse are about as high as the distance from 
the central canal to the ends of the transverse ridge; their outer borders are slightly 
concave and slope inward, making an angle of about 60° with the transverse ridge ; 
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the distal edges are strongly convex and may be nearly semicircular; the chord of 
their curvature is usually horizontal and parallel to the transverse ridge, though 
it may slant more or less inward and downward; the distal inner angles are 
strongly rounded: the inner borders are more or less strongly S- shaped, meeting 
below in a straight or slightly convex line just above the central canal. 

The muscular fossx are subtriangular or more or less crescentic. Their outer 
edges make an angle of nearly 90° with those of the interarticular ligament fosse 
and are about as long as the distal edges of the latter; the distal edges curve 
evenly inward and downward, meeting the distal edges of the interarticular liga- 
ment fossx at the inner distal angles of the latter. 

The inner portion of the ventral surface of the radial pentagon is filled to 
the height of the distal edges of the muscular fosse with a loose calcareous 
deposit showing a tuberculated surface and with a moderately large central canal. 

Diameter of radial pentagon at base, 5 mm.; height of action face faneas- 
ured along the inclination), 2.3 mm.; width, ~ transverse ridge, 2.5 mm.; dis- 
tance from center of rosette to middle of dorsal outer edge of radial, 2.3 eae 
distance from center of ventral face of radial pentagon to middle of ventral edge 
of radial, 0.9 mm.; to apex of interradial angle, 1.2 mm. 


MARIAMETRID Ai. 


The intermuscular furrow widens distally. The interarticular ligament fossz 
are but little higher than the dorsal ligament fosse and approach the triangular 
in shape. 

PoNTIOMETRA. 


The radial articular faces in the only known species of this genus differ very 
markedly from those of any other comatulid. 


PONTIOMETRA ANDERSONI. 


Figs. 51, 52, p. 33. 


The radial articular faces are entirely and widely separated from each other, 
the distance between them being about one-third of their transverse diameter and 
the space between them forming a right-angled groove. 

The border of the articular face dorsal to the transverse ridge forms a semi- 
circle; distal (ventral) to the transverse ridge the sides converge slightly and 
then turn outward just before the outer distal corners. 

The distal edges of the articular face as a whole lie entirely in the same 
straight line. 

The entire articular face lies in the same plane, which makes an angle of 
about 30° with the dorsoventral axis. 

There is no rim about the central canal. 

The transverse ridge is uniform in width, very broad, about as broad as the 
transverse diameter of the large central canal which entirely bisects it. On either 
side of the central canal it carries a ligament fossa, triangular in shape, the base 
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against the outer border of the articular face, one side nearly coinciding with the 
proximal border of the transverse ridge, but slightly inclined upward, and the 
other running diagonally from the outer upper corner of the transverse ridge to 
a point just below the center of the side of the central canal, where it forms with 
the opposite side a sharp angle. In some cases these fosse take the form of 
narrow isosceles triangles, the bases coinciding with the ends of the transverse ridge 
and the apices lying near the center of the sides of the central canal. 

This pair of fosse has not previously been described in any comatulid, nor 
does it appear to exist in any genus other than Pontiometra. It is probable from 
their structure and situation that these fossze lodge an additional pair of inter- 
articular ligaments. They may be known as fulcral ligament fosse from their 
position on the fuleral line of the jomt face. Their appearance is possibly a step 
in the direction of the disintegration of the joint face as a muscular articulation 
and the formation therefrom of a pseudosyzygy such as is seen between the 
elements of the IBr series in certain species of Comatula and Comaster. 

The dorsal ligament fossa is large, nearly semicircular in outline, about twice 
as broad as long. The ventral border is not straight but forms a very broadly 
obtuse angle, of which the apex is just below the central canal. 

The interarticular ligament fosse are equal in height to the dorsal ligament 
fossa; their edges are straight and converge slightly but turn outward rather 
abruptly at the distal outer corners. The distal border is somewhat convex, 
straight, or slanting shghtly inward and downward. The inner distal angles are 
broadly rounded off, and the fossee are separated interiorly by a U-shaped gap 
with parallel sides, which is about equal in width to the transverse diameter of 
the central canal. This gap contains a shallow groove with a more or less bluntly 
carinate ridge in the center. 

Muscular fosse are entirely absent. 

The space between the radials ventrally is filled with a spongy calcareous 
deposit with a roughly radial arrangement which is slightly depressed in the 
center and pierced by a small central channel. 

Diameter of radial pentagon at base, 7.5 mm.; height of articular face (meas- 
ured along the inclination). 3.1 mm.: width at transverse ridge, 3 mm.; nearest 
approximation of adjacent articular faces, 0.8 mm.; distance from center of rosette 
to middle of outer dorsal edge of radial, 4 mm.; distance from center of ventral 
surface of radial pentagon to middle of ventral outer edge of radial, 2.5 mm.: to 
apex of interradial angle, 3 mm. 


MARIAMETRA SUBCARINATA. 
Figs: 47, 48, p. 26. 
The interarticular ligament and muscular fosse slope regularly and evenly 
inward from the transverse ridges, their planes making an angle of about 30° 


with the dorsoventral axis of the animal, and the plane touching the rim of the 
dorsal ligament fossa has only a very slightly greater inclination. 
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The dorsal ligament fossa is about two and one-half times as broad as long, 
gently convex proximally but turning up more sharply at either end to the ends 
of the transverse ridge. The dorsal ligament fossee do not communicate with each 
other interradially, but the transverse ridges are in contact. Interradially the 
interarticular ligament and muscular fosse of adjacent joint faces are separated 
by a very narrow V- or U-shaped gap which reaches down almost to the transverse 
ridge. 

The height of the interarticular ligament fossee measured from the proximal 
border of the transverse ridge is approximately equal to the height of the dorsal 
ligament fossa measured from the same point. The outer edges of the inter- 
articular ligament fosse are nearly straight; the distal edges are more or less, 
usually strongly, convex, and the inner edges are nearly or quite straight and run, 
converging slightly, to a point just above the lateral borders of the central canal, 
then turn inward and meet each other in a straight line just beyond the central 
canal. 

The broadly U-shaped space between the interarticular ligament fosse, the 
sides of which flare slightly, is almost or quite equal in area to that portion of the 
interarticular hgament fossee beyond the central canal, and is usually not greatly 
different from it in shape. 

The distal borders of the interarticular ligament fossee may be quite semi- 
circular, so that no inner or outer corners are evident, but they are usually not 
quite so convex, in which case the chord of the curve is usually horizontal—that 
is, parallel to the transverse ridge. 

There is no rim about the central canal. 

The muscular fossx are small and narrow; their greatest width is about equal 
to the transverse diameter of the central canal, or is rather less. The outer margin, 
which runs in the same direction as that of the interarticular ligament fossa, is 
more or less convex, sometimes almost semicircular. The distal edges run parallel 
to those of the interarticular ligament fosse, gradually turning downward and 
approaching the edge of those fosse, making with them a sharp angle with the 
apex about halfway distant between the distal border of the interarticular liga- 
ment fosse and that of the central canal. 

The free borders of the muscular fosse are approximately semicircular, and 
the fosse themselves are crescentic, but the crescent is truncated at its broadest 
part, just over the outer distal angles of the interarticular ligament fosse. 

The shallow furrow beween the inner edges of the interarticular ligament and 
muscular fosse is in general slightly less broad than the dorsal canal. Its sides 
are approximately parallel but are slightly further apart below the inner ends 
of the muscular fosse; through the center of this furrow there runs a sharp high 
longitudinal ridge, dividing it into two parallel furrows. 

The ventral surface of the radial pentagon is covered with a porous cal- 
careous mass which is nearly flat on the surface and reaches to the height. of 
the highest portions of the muscular fosse; it contains a rather small central 
perforation. 
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Fics. 51-64——RADIAL PENTAGONS OF VARIOUS COMATULIDS. 
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LAMPROMETRA PROTECTUS. 


Figs. 49, 50, p. 26. 


The outer margins of the interarticular ligament fosse at first retreat rapidly, 
but just before the middle curve around and become parallel to the dorsoventral 
axis. The outer corners of the muscular fosse project somewhat so that their 
tips are on a plane parallel with the dorsoventral axis and passing through the 
distal border of the central canal. 

The dorsal ligament fossa is narrow, about three times as broad as high, with 
the proximal border evenly curved and turning upward abruptly at either end. 

The dorsal ligament fosse of adjacent joint faces are entirely distinct from 
each other, but the transverse ridges just meet. 

There is no rim about the central canal. 

In the interradial planes the interarticular ligament and muscular fosse are 
separated by very narrow U-shaped gaps extending downward nearly to the 
transverse ridges. 

When the interarticular ligament fossee are viewed perpendicularly their 
lateral borders are seen to run diagonally inward at an angle of about 30° for 
nearly half their length, and then turn upward, running parallel to the dorso- 
ventral axis to the outer distal corners. The height of the interarticular ligament 
fosse is about equal to the distance between the central canal and the end of 
the transverse ridge. Irom the outer distal angles the distal borders of the inter- 
articular ligament fossee run inward in an evenly and slightly convex line, the 
chord of the convexity making an angle of approximately 30° with the trans- 
verse ridge, until nearly half the distance to the dorsoventral plane passing through 
the central canal is covered, when they make a broad turn and run nearly straight, 
at an angle of about 30° to that plane, to a point just over the lateral borders of 
the central canal, then turn inward, meeting the edge of the other interarticular 
ligament fossa in a straight line passing just over the distal edge of the central 
canal. The inner distal angles, typically well rounded angles of about 120°, 
are sometimes so blunted as to be practically obsolete. The space between the 
interarticular ligament fosse is broadly U-shaped with the sides diverging at an 
angle of about 60°, the area involved being approximately equal to the area of 
the interarticular ligament fosse beyond the level of the distal borders of the 
central canal. 

The muscular fosse are very small, their greatest diameter, just above the 
outer distal angles of the interarticular ligament fosse, being about the same as 
the dorsoventral width of the central canal; from this point they extend diagonally 
outward in a semicircle or short half-ellipse; inwardly they taper to a point which 
lies at the distal inner angle of the interarticular ligament fosse. 

The ventral surface of the radial pentagon is covered with a spongy calcareous 
mass which has an irregularly radiating surface structure and of which the sur- 
face is plane or very slightly concave, on a level with the highest point reached by 
the muscular fosse. The central perforation is rather small. 
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Diameter of radial pentagon at base, 3.8 mm.; height of articular face 
(measured along the inclination), 1.5 mm.; width, at transverse ridge, 2 mm.; 
distance from center of rosette to middle of dorsal outer edge of radial, 1.9 mm.; 
distance from center of ventral surface to middle of ventral outer edge of radial, 
0.9 mm. ; to apex of interradial angle, 1.2 mm. 


COLOBOMETRID.®. 


The articular faces of the radials lean inward so that the plane of the inter- 
articular ligament fosse makes an angle of nearly or quite 60° with the dorsoventral 
axis of the animal; the plane of the muscular fosse, however, is nearly or quite 
parallel with the dorsoventral axis, and thus makes an angle of approximately 
120° with the plane of the interarticular ligament fosse. 

In Cenometra, which in many ways approaches the genera of the Mariametride, 
the conditions found in the radial articular faces are not greatly different from 
what is found in that family. 

The excavation of the various elements of the joint faces is, except in 
Cenometra, deep, and the anterior border of the transverse ridge and the rim about 
the central canal are high and well marked, though not particularly narrow. 

The elements on either side of the transverse ridge are in the same plane in 
Cenometra, but in the other genera the dorsal ligament fossa makes a lesser angle 
with the dorsoventral axis than the interarticular ligament fosse. 

The dorsal ligament fossa is large and deep, with the proximal border well 
rounded. The ligament pit is strongly marked and more or less circular, its area 
being usually approximately that of the central canal. 

The central canal is oval or nearly circular, moderate in size or rather large. 

The intermuscular furrow has parallel, slightly converging, or slightly diverg- 
ing sides; it is never broader than the transverse diameter of the central canal. 
In one genus it is replaced basally by a narrow intermuscular septum which at 
first is high, but rapidly decreases in height distally, and in the outer part passes 
over into a narrow intermuscular septum. 

In Cenometra the distal edge of the interarticular ligament fosse is slightly 
convex, the chord of the convexity being slightly lower interiorly than exteriorly. 
In the other genera it is straight and runs downward and inward, usually at an 
angle of about 60° to the transverse ridge, to the distal portion of the rim about 
the central canal. In Oligometra the angle between the transverse ridge and the 
distal borders of the interarticular ligament fosse is only about 45°, and the inner 
distal angle of the interarticular ligament fosse is more or less indicated. 

The muscular fosse are very variable. In Cenometra they are very narrow, 
about as wide as the dorsoventral (shorter) diameter of the central canal, and 
their distal borders are parallel to the distal borders of the interarticular ligament 
fosse. The outer distal angles project beyond the outer distal angles of the inter- 
articular ligament fosse, as in the Mariametride, and the inner angles are inserted 
just within the inner distal angles of the interarticular ligament fosse; they 
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decrease very slightly in width inwardly. In Oligometra the muscular fosse are 
very small, rounded triangular, with the distal borders convex and approximately 
parallel to the transverse ridge; the maximum length is about one- half the breadth. 
In Colobometra and in Cyllometra they are trapezoidal with the acute angle down- 

ward and inward; in all of the genera except C'yllometra they are smaller than the 
interarticular ligament fosse. 

The ventral surface of the radial pentagon is pentagonal or very bluntly stel- 
late in outline Except in Cenometra the ventral plug is very poorly developed 
and usually more or less confined to the central portion of the radial pentagon. 
There may or may not be a free central canal. 


CENOMETRA UNICORNIS. 


Fig, 53, p. 33. 


The dorsal ligament fossa is broad and well rounded, slightly over twice as 
broad as high: the proximal border is strongly and very evenly curved. The 
ligament pit is considerably smaller than the central canal, and is circular; the 
central canal is moderate in size and slightly oval. 

The transverse ridges of adjacent joint faces are slightly separated from each 
other; the dorsal ligament fosse are widely separated; the elements distal to the 
transverse ridge are separated interradially by a shallow furrow, at first about as 
wide as the intermuscular furrow, but distally becoming slightly wider. 

The interarticular ligament fosse are large, their distal borders being about 
as high above the transverse ridge as one-half the length of the ridge. The distal 
and the inner edges of the interarticular ligament fosswe are of about the same 
length; the inner edges are parallel and straight, and are separated by a rather 
deep intermuscular furrow, which is about as broad as the igament pit. The distal 
edges are straight and parallel to the transverse ridge, or are slightly convex, the 
chord of the convexity being parallel to the transverse ridge; the inner distal 
angles are more broadly rounded than the outer; the outer borders are nearly 
straight. 

The muscular fosse are narrow, being usually about as broad as the longi- 
tudinal (shorter) diameter of the dérltral canal. Their distal borders are parallel 
to those of the interarticular ligament fosse, but are usually somewhat more con- 
vex. The inner distal angles are broadly rounded, so that the intermuscular 
furrow is not appreciably constricted; the outer borders of the muscular fosse 
usually do not project beyond the line of the outer borders of the interarticular 
ligament fosse. 

The interior of the radial pentagon is occupied by a calcareous deposit which 
rises to the height of the distal edge of the muscular fosse: it is irregularly radially 
striate on the surface and is slightly depressed centrally in the region of the mod- 
erately developed funnel-shaped central canal. 

Diameter of radial pentagon at base, 5.4 mm. ; height of articular face 
(measured along the inclination), 2.8 mm.; width, at dratnverse ridge, 3 mm.; dis- 
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tance from center of rosette to middle of dorsal outer edge of radial, 2.7 mm.; 
distance from center of ventral surface of radial pentagon to middle of ventral 
outer edge of radial, 1.8 mm.; to apex of interradial angle, 1.8 mm. 


CYLLOMETRA ALBOPURPUREA. 


Figs. 54, 55, p. 33. 


The radial articular faces up to the proximal borders of the muscular fosse 
lie in the same plane, which is inclined at an angle of nearly 45° to the dorsoventral 
axis of the animal. The muscular fosse, forming an obtuse angle with the remain- 
ing elements of the joint face, are parallel to the dorsoventral axis. The radial 
faces are entirely separated interradially by a uniform narrow V-shaped groove. 

The dorsal ligament fossee are moderate in size, about two and one-half times 
as broad as long. The proximal border is uniformly convex and turns up rather 
abruptly at the ends. 

The interarticular ligament fossee are equilateral triangles, but their inner 
angles are rather broadly truncated by the prominent rim of the central canal. 

The muscular fosse are trapezoidal in shape, with the distal angles rounded 
off. The lateral edges beyond the interarticular ligament fosse are equal in length 
to the distal edges and are at right angles to them; the inner edges are nearly twice 
as long, running down to the ridge about the central canal upon which the apices 
of the trapezia abut. 

The muscular fosse are separated interiorly by a narrow rounded ridge, at 
first as high as the rim about the central canal, but gradually decreasing in height 
and distally dying away altogether. 

The interior of the radial pentagon is filled with a spongy calcareous mass 
which reaches to the level of the distal edges of the muscular fossa through which 
there is a rather small central channel. ; 

Diameter of radial pentagon at base, 3 mm.; height of articular face (measured 
along the inclination), 1.7 mm.; width, at transverse ridge, 1.3 mm. 


CYLLOMETRA DISCIFORMIS. 


See figs. 969, 970, pl. 2. 


OLIGOMETRA SERRIPINNA. 


Figs. 58, 59, p. 33. 


The dorsal ligament fossa is rather narrow, about three times as broad as high, 
with the proximal border strongly flattened but strongly curved upward at the 
ends. The ligament pit is almost semicircular, about half as large as the trans- 
versely oval central canal. 

In the interradial angles the ends of the transverse ridges are well separated 
and the dorsal ligament, fosse are very widely separated. The elements of the 
joint faces distal to the transverse ridges are separated by a rather deep inter- 
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radial furrow which is about as broad as the longer (horizontal) diameter of the 
central canal. 

The outer borders of the interarticular ligament fossee make an angle of about 
60° with the transverse ridge, and are straight or slightly concave. The distal edges 
run from the outer distal angles toward a point on the transverse ridge halfway 
between the central canal and the end until near the central canal, when they turn 
downward somewhat, the inner edges of the two fosse together forming a broad 
rounded Y just over the central canal. 

The muscular fosse are triangular, the apices at the outer distal angles of the 
interarticular ligament fosse. The distal borders are horizontal, or slope inward 
very slightly; the inner distal angles are rather broadly rounded and the inner 
sides are parallel, separated by a shallow intermuscular furrow, which is about as 
broad as the ligament pit in the dorsal ligament fossa. 

The central plug is represented by a loose calcareous meshwork in the center 
of the ventral surface of the radial pentagon which conceals the rosette. 

Diameter of radial pentagon at base, 2 mm.; height of articular face (measured 
along the inclination), 0.8 mm.; width, at transverse ridge, 1.4 mm.; distance from 
center of rosette to middle of dorsal outer edge of radial, 0.8 mm.; distance from 
center of ventral face of radial pentagon to middle of ventral border of radial, 0.6 
mm.; to apex of interradial angle, 0.9 mm. 


TROPIOMETRID 4. 


The dorsal ligament fossa is semielliptical, four or five times as broad as high. 
The ligament pit is slightly marked, but large; in shape it is transversely elongate. 

The distal borders of the interarticular ligament fosse are parallel to the 
transverse ridge, though they may curve downward somewhat inwardly. 

The muscular fosse are large and well rounded, about twice as high as the 
interarticular ligament fossee. Their lower inner corners are occupied by large sup- 
plementary muscle plates. 

The ventral surface of the radial pentagon is devoid of calcareous deposits. 


TROPIOMETRA MACRODISCUS. 


Fig. 64, p. 33. 


The radial articular faces of Zropiometra macrodiscus do not differ greatly 
from those of 7’. encrinus, as described below. The dorsal ligament fossa is nar- 
rower, with more pointed ends; it is about five times as broad as high; the central 
canal is more nearly circular; the distal borders of the interarticular ligament fosse 
run in a straight line from the distal angles to the proximal end of the intermus- 
cular furrow, and in the angle between these rather large second supplementary 
muscle plates are developed. The first supplementary muscle plates are larger than 
those of 7. encrinus, occupying about half of the area of the muscular fosse instead 
of one-fourth or one-third. The muscular fossee as a whole are proportionately 
slightly smaller and are rather less rounded. They are in general proportionately 
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higher exteriorly and lower interiorly. The inner portion of the radial pentagon 
has but little secondary calcareous deposit, and there is none on the ventral surface 
of the rosette. The interior of the radial pentagon is well rounded and is scored 
with shallow narrow meandering grooves. 

Diameter of radial pentagon at base, 10.6 mm.; height of articular face 
(measured along the inclination), 3.7 mm.; width, at transverse ridge, 5.5 mm.; 
distance from center of rosette to middle of dorsal outer edge of radial, 5 mm.: dis- 
tance from center of ventral face of radial pentagon to middle of ventral edge of 
radial, 1.9 mm.; to apex of interradial angle, 2.8 mm. 


TROPIOMETRA ENCRINUS. 
Figs. 60, 61, p. 33. 


The dorsal ligament fossa is very narrow, about four times as broad as high, 
regularly elliptical. The ligament pit is considerably broader than the central 
canal, transversely elongate, but only slightly marked. 

From either end the transverse ridge gradually thickens so that it increases 
in breadth to the middle, where it encompasses the central canal; this increase in 
diameter is very even, so that only a very slight broad concavity of the anterior 
borders on either side of the central canal is discernible. 

A narrow and shallow intermuscular furrow runs outward from the distal 
portion of the rim about the central canal, which is usually not quite so broad as 
half the width of the canal; its sides are parallel, or very slightly divergent. 

The distal border of the interarticular fosse is parallel to the transverse ridge, 
and shows a slight convexity near the intermuscular furrow. The proximal part 
of the low septum forming the distal border begins to curve gradually downward 
at about half the distance from the outer border to the intermuscular furrow, join- 
ing the distal border of the transverse ridge to one side of the perpendicular pass- 
ing through the lateral border of the central canal, usually about as far distant as 
the dorsoventral (lesser) diameter of the central canal. The height of the inter- 
articular ligament fossz is a little less than that of the dorsal ligament fossa. 

The muscular fosse are large and well rounded; they are about twice the 
height of the interarticular ligament fosse. The distal margin may be a broadly 
rounded triangle with the apex near the outer side, or it may be nearly trapezoidal 
with the inner distal angle more rounded than the outer. The lower inner corners 
of the muscular fosse are occupied by a supplementary muscle plate which rises 
rather suddenly to about half the height of the interarticular ligament fosse, makes 
a broad curve and extends outward and downward nearly in a straight line to the 
distal outer angle of the interarticular ligament fosse. The inner portion of the 
distal border of the interarticular ligament fosse is frequently depressed almost 
to the proximal edge of this distal border, and this sunken area is somewhat raised 
in the center and convex on the outer edge, so that it becomes a second supple- 
mentary muscle plate resembling that seen in Perometra diomedew. 

There is no calcareous deposit on the inner surface of the radial pentagon or 
upon the yentral surface of the rosette. 
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Diameter of radial pentagon at base, 6 mm.; height of articular face (measured 
along the inclination), 2.5 mm.; width, at transverse ridge, 3.7 mm.; distance from 
center of rosette to middle of dorsal outer edge of radial, 3 mm.; distance from 
center of ventral face of radial pentagon to middle of ventral edge of radial. 
0.8 mm.; to apex of interradial angle, 2.5 mm. 


TROPIOMETRA PICTA. 


Figs. 62, 68, p. 33. 


TROPIOMETRA CARINATA,. 


Figs. 971, 972, pl. 2. 
CALOMETRID.2#. 


The articular faces of the radials are approximately crescentic and are entirely 
separated from each other as in Comatilia. 

The dorsal ligament fossa is nearly semicircular. 

The interarticular ligament fosse have the distal border deeply concave, par- 
allel to the distal border of the joint face; the outer borders are about as high as 
the median height of the dorsal ligament fossa. 

The muscular fossee are very narrow, about as broad as the dorsoventral 
diameter of the central canal, forming a band-like border along the distal edges 
of the interarticular ligament fosse. 

The ventral surface of the radial pentagon is very widely open; there is a 
small central plug in the middle. 


NEOMETRA MULTICOLOR. 


Figs. 65, 66, p. 48. 


The radial faces are approximately crescentic; the outer (dorsal) edge forms 
almost a semicircle, while the inner (ventral) border is strongly and evenly con- 
cave, the concavity in the median line reaching almost down to the central canal. 
The plane of the radial faces makes only a very slight angle with the dorsoventral 
axis. The radial faces are entirely and rather widely separated by a bare, slightly 
hollowed interradial area, which is rounded and sometimes more or less spatulate 
distally. The radials are in unusually close apposition, so that the suture between 
them is rarely visible. 

The dorsal ligament fossa is about two and one-half times as broad as long. 
The proximal edge is evenly curved, and its curve is regularly continued anteriorly. 

The central canal is more flattened than usual, being elliptical and about twice 
as broad as long. It is bordered laterally and distally by a narrow, low, and more 
or less inconspicuous ridge. 

The distal border of the interarticular ligament fossz is narrow, low, and incon- 
spicuous; arising from a point on either side of the median distal portion of the 
ventrolateral ridge about the central canal it runs outward, deeply concave and 
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parallel to the outer edge of the radial face, reaching the lateral edge of the joint 
face at a point as high above the ends of the transverse ridge as the maximum depth 
of the dorsal ligament fossa. 

The muscular fosse are very narrow, uniform in width, strongly concave, about 
as broad as the dorsoventral diameter of the central canal, and run along the outer 
edges of the interarticular ligament fosse. Interiorly their distal edges are curved 
downward, so that their interior edges, which are parallel and run to the rim 
about the central canal, are separated by a shallow furrow about equal to half the 
horizontal diameter of the central canal in width; this shallow furrow has a very 
broadly open V- or U-shaped median notch distally, and may contain a slight 
narrow median ridge. 

The ventral surface of the radial pentagon is hollowed out in the form of a 
deeply concave broad pit, the edges of which are coincident with the edges of the 
muscular fosse. A small area on the floor of this pit, just above the rosette, is 
formed by a porous calcareous deposit. 

Diameter of radial pentagon at base, 3.7 mm.; median height of articular face, 
1.2 mm.; distance from base of radial pentagon to end of interradial process, 2 mm. ; 
width of articular face, at transverse ridge, 1.9 mm.; distance from center of rosette 
to middle of dorsal outer edge of radial, 1.8 mm.; diameter of ventral surface of 
radial pentagon, 3.2 mm. 


THALASSOMETRID® and CHARITOMETRID®. 


The radial articular faces of the species of these two families have much in 
common and may advantageously be discussed together. 

The interarticular ligament fosse make an angle with the dorsoventral axis 
of the animal of about 60°, and are themselves approximately equilateral triangles 
with their inner angles truncated. 

The muscular fosse are usually trapezoidal or rounded triangular and are 
parallel to the dorsoventral axis, or lie in the same planes as the interarticular liga- 
ment fossee. 

The excavation of the various elements of the joint face is moderately deep. 

The rim about the central canal and the distal border of the transverse ridge 
are narrow and stand well up from the deep interarticular ligament fosse. 

The dorsal ligament fossa may be in the same plane as the interarticular liga- 
ment fosse, or it may make a slightly lesser angle with the dorsoventral axis of 
the animal. 

The dorsal ligament fossa is well rounded proximally and is about as high as 
the interarticular ligament fosse. 

The central canal is oval, moderate in size, or rather large. 

The muscular fosse are usually separated interiorly by an intermuscular 
septum, which at first is high, but soon becomes low, and which is often concave or 
grooved along its apex. In Stylometra there is an intermuscular furrow with par- 
allel sides, carrying in its center a rounded ridge, which is about half as wide as 
the central canal. 
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The muscular fosse are always higher than the interarticular ligament fossee, 
sometimes much higher, and they may include one or two pairs of supplementary 
fosse, or may show two or three ridges parallel to their distal borders. There is 
an intermuscular notch, which may be broad and shallow, or deep and very narrow. 

There is a loose deposit of calcareous matter on the inner surface of the radials, 
but it rarely conceals them entirely, or obscures the central canal. 

The ventral surface of the radial pentagon is stellate in outline, but the incisions 


are rarely deep. 
THALASSOMETRID#. 


The muscular fosse lie in a plane nearly or quite parallel to the dorsoventral 
axis of the animal, which makes an angle of nearly or quite 120° with the plane 
of the interarticular ligament fosse. They are more or less trapezoidal in shape. 
Their area is almost always somewhat, usually much, greater than that of the inter- 
articular ligament fossz. 

The distal (inner) borders of the interarticular ligament fosse make an angle 
of 60° or rather less with the transverse ridge. 

In the immature stages the radial articular faces of the species of Thalas- 
sometride appear to resemble those of the species of Charitometride, suggesting, as 
do the cirri, that the Thalassometridie are more specialized than the Charitometride. 


PrroMETRIN ®. 


PTILOMETRA MULLERI. 


Vigs. 67, 68, p. 48. 


The radial articular faces are, in reference to the dorsoventral axis of the 
animal, inclined at an angle of about 45°, so that they are about at right angles to 
each other. 

The portion distal to the transverse ridge is rectangular, about three times as 
broad as long. Interradially the dorsal ligament fosse are entirely separated, but 
the ends of the transverse ridges and the elements of the joint faces distal to them 
are in contact with the same parts of the adjacent joint faces. 

The plane of the dorsal ligament fossa makes a very broadly obtuse angle with 
the plane of the other elements of the joint face. 

The dorsal ligament fossa is usually not quite twice as broad as long; the 
proximal border is evenly curved. 

The ridge about the central canal is broad and prominent, laterally falling 
away, sometimes almost in a straight line, to the ends of the transverse ridge. 

The interarticular ligament fosse are nearly or quite triangular, the distal 
edges being nearly or quite horizontal, and the greatest (horizontal) length being 
about twice the maximum vertical height; the outer borders are usually somewhat 
concave; the inner apices rest on the distal side of the dorsal part of the rim about 
the central canal, and are separated by a gap equal in breadth to about half the 
horizontal diameter of the central canal. 
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Fics. 65-75.—RADIAL PENTAGONS OF VARIOUS COMATULIDS. 65. NEOMETRA MULTICOLOR, LATERAL VIEW OF 
RADIALS AND CENTRODORSAL. 66. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 67, PTILOMETRA MULLERI, 
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 68, SAME, VENTRAL VIEW OF KADIAL PENTAGON. 69. 
ASTEROMETRA MACROPODA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 70. SAME, VENTRAL VIEW OF 
RADIAL PENTAGON. 71. THALASSOMETRA VILLOSA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 72, 
STYLOMETRA SPINIFERA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 73, SAME, VENTRAL VIEW OF 
RADIAL PENTAGON. 74. PARAMETRA ORION, LATERAL VIEW OF RADIALS AND CENTROPORSAL. 75. SAMB, 
VENTRAL VIEW OF RADIAL PENTAGON. 
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The muscular fosse are usually narrowly linear, but the distal edge may be 
more or less strongly convex. They are in breadth equal to about one-half the 
horizontal diameter of the central canal. The outer edge inwardly turns down- 
ward, so that the short inner edges are parallel; these run downward to the junction 
of the distal edge of the interarticular ligament fossz and the rim about the central 
canal, and are separated by a shallow rounded furrow of about their own width. 
This furrow is usually carried back for a slight distance over the ventral side of 
the radials. 

The muscular fossx lie in the same plane as the interarticular ligament fossze 
and are always perfectly evident when the latter are viewed perpendicularly. They 
do not, so far as I have seen, incline toward the horizontal so as to be with difficulty 
recognizable in a direct view, as described by Carpenter. 

The ventral face of the more or less stellate radial pentagon is moderately 
concave, with more or less of a deposit of loose calcareous matter, especially toward 
the center. The ventral surface of the radials, where not concealed by a secondary 
deposit, is radially striate. 

Diameter of radial pentagon at base, 5.5 mm.; height of articular face 
(measured along the inclination), 2 mm.; width, at transverse ridge, 2.6 mm.; 
distance from center of rosette to middle of dorsal outer edge of radial, 2.7 mm.; 
distance from center of ventral face of radial pentagon to middle of ventral outer 
edge of radial, 1 mm.; to apex of interradial angle, 1.5 mm. 


PTILOMETRA MACRONEMA. 


Tigs. 973, 974, pl. 2. 


ASTEROMETRA MACROPODA, 


Figs. 69, 70, p. 48. 


The portion of the radial articular face between the transverse ridge and the 
distal end of the interarticular ligament fosse lies in a plane making an angle of 
only about 30° with the plane at right angles to the dorsoventral axis of the 
animal, so that this portion of the radial articular face as a whole makes an angle 
of about 120° when the radial pentagon is viewed from the side. The dorsal liga- 
ment fossa lies in a plane which makes a slight angle with the plane of the other 
joint face elements. The muscular fosse stand up somewhat abruptly, inclining at 
an angle of about 30° to the dorsoventral axis and at an angle of about 60° to 
each other. The dorsal ligament fosse are entirely separated from each other, but 
the ends of the transverse ridges are in contact. The lateral borders of the inter- 
articular ligament fossee recede gradually from each other, forming between them a 
narrow V-shaped interradial gap, but the outer edges of the muscular fossa, 
curving outward, meet and are in apposition for almost their entire length. 

The dorsal ligament fosse are about three times as broad as long, the proximal 
border being regularly curved. 

The rim about the central canal is broad and moderately high. 
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The distal borders of the interarticular ligament fosse arise on the dorsal side 
of the rim about the central canal and run outwardly at an angle of about 45° with 
the transverse ridge to the outer edge of the joint face. The distal angle may be 
somewhat rounded. 

The muscular fosse are roughly rhombic in shape, the greater diameter being 
about twice the lesser. The distal and outer sides are convex and the inner and 
outer distal angles are well rounded, especially the former. The inner sides, inward 
from the inner distal angles, are parallel and are well separated by a shallow furrow 
equal in width to about half the horizontal diameter of the central canal, which 
bears in the median line a narrow longitudinal ridge. In the proximal portion the 
floor of this shallow furrow gradually rises and at the same time the sides gradu- 
ally diverge, so that it merges, by a sort of triangular base, into the rim about the 
central canal. 

The ventral surface of the radial pentagon is strongly concave; the depressed 
center is occupied by a plug of porous calcareous deposit ; the ventral surface of 
the radials is longitudinally striate. 

Diameter of radial pentagon at base, 4 mm.; height of articular face (measured 
along the inclination), 2.8 mm.; width, at transverse ridge, 3 mm.; distance from 
center of the rosette to middle of dorsal outer edge of radial, 2 mm.; diameter of 
ventral interarticular space, 2 mm. 


THALASSOMETRIN®. 


THALASSOMETRA VILLOSA. 


Fig. 71, p. 48. 


The portion of the radial articular face distal to the transverse ridge lies in a 
plane making an angle of approximately 60° with the dorsoventral axis of the 
animal until the distal half of the muscular fosse is reached; these are parallel 
with the dorsoventral axis, and at the tip turn slightly outward. The plane touch- 
ing the edges of the dorsal ligament fossa lies at an obtuse angle with the plane 
of the interarticular ligament fosse; and makes only a small angle with the dorso- 
ventral axis. The adjacent radial articular faces are in close contact with each 
other except distally, where the eversion of the tips of the muscular fosse cause 
the formation of narrow V-shaped gaps between them. 

The dorsal ligament fosse are about two and one-half times as broad as long, 
moderately and evenly curved proximally, but turning up rather abruptly at the 
ends. They are entirely separated from their neighbors, but the ends of the trans- 
verse ridges are just in contact. 

The rim about the central canal is strong and very prominent, as high as the 
distal part of the transverse ridge. The distal border of the interarticular liga- 
ment fosse is formed by a sharp ridge considerably lower than the rim about the 
central canal which arises on the side of that rim midway between its distal center 
and the place where it joins the transverse ridge and runs, making an angle of 60° 
with the transverse ridge, to the edge of the joint face. 
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The muscular fosse are very long and narrow. The sides at first converge, 
as the outer edges continue the direction of the lateral edges of the interarticular 
ligament fosse, but soon become parallel, and near the tip diverge very slightly. The 
length of the muscular fosse is somewhat over twice the length of their proximal 
border, which latter is nearly twice their distal width. The two muscular fosse 
are separated internally by a narrow rounded ridge arising from the median distal 
portion of the rim about the central canal, at first as high as that rim, but gradually 
decreasing in height and terminally, as the rounded distal ends of the muscular 
fosse begin to separate, branching, and dying away in a slight thickening of the 
inner side of the distal edge. 

There is no ventral caleareous deposit between the radials. 

Diameter of radial pentagon at base, 3.9 mm.; height of articular face (meas- 
ured along the inclination), 2.5 mm.; width, at transverse ridge, 2 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 1.6 mm.; diameter of 
ventral interarticular space, 1 mm. 


THALASSOMETRA AGASSIZIT, 


See figs. 981-983, pl. 3. 


STYLOMETRA SPINIFERA. 


Figs. 72, 73, p.. 48. 


The joint face elements distal to the transverse ridge slant inward at an angle 
of nearly 45° with the dorsoventral axis of the animal, so that they make almost 
a right angle with each other; the plane of the edges of the dorsal ligament fossa 
makes a very broadly obtuse angle with the remaining elements of the joint face; 
the sides of the interarticular ligament and muscular fosse together are slightly 
and evenly concave. The rim about the central canal, which is large and more 
nearly circular than usual, is prominent but low. 

Adjacent radial articular faces are separated slightly over the interradial 
planes by very narrowly V-shaped gaps which extend downward nearly to the 
transverse ridges. 

The dorsal ligament fossa is narrow, nearly or quite three times as broad as 
long, moderately curved proximally, but becoming more nearly straight toward 
either side; the ends are slightly truncated, so that the ends of the dorsal ligament 
bundles, as well as the ends of the transverse ridges, are in contact interradially. 

The outer sides of the interarticular ligament fosse are somewhat concave; 
the general shape of the interarticular ligament fosse is that of an equilateral 
triangle of which the inner angles would be, if not broadly truncated, at the center 
of the proximal border of the central canal; the distal angle is rendered especially 
acute by the concavity of the outer side. 

The muscular fosse are comparatively small, their area being approximately 
the same as that of the interarticular ligament fosse. Their shape suggests that 
of the shells of such genera as Pinna; their inner borders are straight and parallel, 
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nearly as far apart as the dorsoventral diameter of the central canal; their proxi- 
mal edges are delimited by the raised distal inner edges of the interarticular 
ligament fosse, and make an angle of about 30° with the inner edges; the inner 
edges are about one-third longer than the proximal edges: the distal edges, con- 
necting the inner and the proximal edges, make a very full curve, in some cases 
almost or quite a semicircle. The muscular fosse are inwardly separated by a 
shallow furrow which runs up to the level of the distal angles of the interarticular 
ligament fosse; beyond the end of this furrow the muscular fosse are separated 
merely by a gap; this furrow is outwardly bordered by the raised inner edges of 
the muscular fosse, and along its center carries a median ridge of the same width 
and height. 

There is no calcareous deposit on the ventral surface of the radials. 

Diameter of radial pentagon at base, 4.5 mm.; height of articular face (meas- 
ured along the inclination), 2.4 mm.; width, at transverse ridge, 2.3 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 2 mm.; diameter of 
ventral interarticular space, 1.5 mm. 


PARAMETRA ORION. 


Figs. 74, 75, p. 43. 


The plane of the joint face elements distal to the transverse ridge at first 
makes an angle of 45° with the dorsoventral axis, but the muscular fosse gradually 
curve upward beyond the middle, becoming almost parallel with the dorsoventral 
axis, and turning outward rather abruptly at the tip; the dorsal ligament fossa 
is not quite in the same plane as the other joint face elements, making with them 
a very broadly obtuse angle. The rim about the central canal is high, prominent, 
and rather broad. The radial faces are separated from each other in the inter- 
radial angles by very narrow slits which extend downward almost to the trans- 
verse ridges. 

The dorsal ligament fosse are low, about three times as broad as long, slightly 
convex proximally, very broadly rounded at either end so as to appear more or 
less semielliptical. They are entirely separated from their neighbors, but the ends 
of the transverse ridges of adjacent joint faces meet interradially. 

The interarticular ligament fosse are in the form of equilateral triangles, 
with the interior angles broadly truncated by the rim about the central canal. 
The outer and distal borders are rather prominently raised. 

The muscular fosse are long and narrow, inwardly about four, outwardly 
about three, times as long as broad. The inner and outer edges are almost parallel, 
the latter being only very slightly concave; the distal ends are well rounded. In- 
wardly the muscular fosse are separated by a narrow double ridge, which at first 
is as high as the distal portion of the rim about the central canal but gradually 
decreases in height and soon becomes low, composed of the upturned and appressed 
inner edges of the muscular fosse. j 

There is no calcareous deposit on the ventral surface of the radials. 
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Diameter of radial pentagon at base, 3.7 mm.; height of radial articular face 
(measured along the inclination), 2.6 mm.; width, at transverse ridge, 2 mm.; 
distance from center of rosette to middle of outer dorsal edge of radial, 1.5 mm.; 
diameter of ventral interarticular space, 0.8 mm. 


STENOMETRA QUINQUECOSTATA. 
See figs. 979, 980, pl. 2. 


STIREMETRA BREVIRADIA, 


See figs. 975-978, pl. 2. 


CHARITOMETRID &. 


The muscular fosse lie in the same plane as the interarticular ligament fosse, 
and are rounded triangular in shape; their area is but slightly when at all, greater 
than that of the interarticular ligament fosse; the distal (inner) edges of the 
interarticular ligament fosse make an angle of rather more than 60° with the 
transverse ridge. 

CRINOMETRA INSCULPTA. 


Figs. 76, 77, p. 53. 


The portions of the radial articular faces distal to the transverse ridge make 
an angle of about 30° with the dorsoventral axis. The muscular fossz lie in the 
same plane as the interarticular ligament fosse and do not curve outward dis- 
tally. The plane of the dorsal ligament fossa makes a broadly obtuse angle with 
the plane of the other elements of the joint face. In the interradial angles the 
radial faces are separated from each other by a rather broad lenticular gap 
extending from the ends of the transverse ridges to the distal angles of the inter- 
articular ligament fosse. The muscular fosse are separated interiorly by a 
V-shaped gap, the ends of which curve outward. 

The dorsal ligament fossa is about two and one-half times as broad as long, 
with the proximal border evenly curved. The dorsal ligament fosse are entirely 
separated laterally, but the ends of the transverse ridges join across the inter- 
radial angles. 

The proximal outer and distal angles of the interarticular ligament fosse, 
together with the middle of the proximal edge of the central canal, form the three 
apices of an equilateral triangle. The inner angles of these triangles are very 
broadly truncated by the very broad, though rather low, lateral portion of the 
raised rim about the central canal. The distal portion of this rim is narrow, low, 
and poorly defined. The outer borders of the interarticular ligament fosse are 
very strongly concave, so that these fossee appear narrow with very acute distal 
angles. 

The muscular fosse are comparatively small, triangular or Pinna-shaped, 
with the distal (inner) apex broadly rounded off, the outer borders being the 
continuation of the line from the end of the transverse ridge through the distal 
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angle of the interarticular ligament fosse. The muscular fosse are separated 
interiorly by a shallow furrow, which expands somewhat at the proximal end, the 
sides of which are parallel and about as far apart as one-half the horizontal 
diameter of the central canal. The muscular fosse bear three strongly marked 
equidistant narrow ridges parallel to the distal border. 

The ventral surface of the radial pentagon is obscured by a small plug of 
spongy calcareous deposit, which is almost completely separated from the radials 
themselves by five large circular radial gaps and numerous smaller ones. 

The furrow between the radials extends to the height of the most distal 
of the three ridges on the face of the muscular fosse. 

Diameter of radial pentagon at base, 5.6 mm.; height of articular face (meas- 
ured along the inclination), 2.9 mm.; width, at transverse ridge, 2.2 mm.; dis- 
tance from center of rosette to middle of dorsal outer edge of radial, 2.3 mm.; 
diameter of ventral intermuscular space, 1.2 mm. 


PACHYLOMETRA INZQUALIS. 
See figs. 986, 987, pl. 3. 


PERISSOMETRA ANGUSTICALYX. 
See figs. 984, 985, pl. 3. 


PCCILOMETRA ACCELA. 
See figs. 988, 989, pl. 5. 


CHARITOMETRA BASICURVA. 
See figs. 990, 991, pl. 3. 


CHARITOMETRA INCISA. 


See figs. 992, 993, pl. 3. 


MACROPHREATA. 


The radial articular faces of the Macrophreata exhibit a remarkable homo- 
geneity, in sharp contrast to the plasticity apparent in the same structures in the 
oligophreate families; in fact, the entire range of variation found in the Macro- 
phreata is less than that seen in any of the larger oligophreate families, excepting 
only the Zygometride. 

Thus an examination of the radial articular faces, no less than a close exami- 
nation of the other structures, emphasizes the homogeneity of this group as now 
understood. 

The radial pentagon of the macrophreate forms differs from that of the 
oligophreate species in three essential particulars: (1) There is no calcareous 
deposit on the inner surface of the radials nor upon the ventral surface of the 
rosette, so that there is no trace of any central plug; (2) the plane of the mus- 
cular fosse is nearly or quite parallel to the dorsoventral axis of the animal, so 
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that the muscular fosse are only separated from the very large central cavity 
by thin calcareous lamina, which are quite different from the more or less thick 
wedges seen in the Oligophreata; (3) the joint face elements distal to the transverse 
verse ridge are strongly excavated, especially interiorly, so that they meet in the 
median dorsoventral line at an angle of usually 90°. This results in the forma- 
tion of a sort of tube or tunnel about the central canal, for the rim about the 
central canal and the associated structures are always on the same articular level 
as the transverse ridge, no matter how deep the excavation of the joint face may be. . 

The dorsal ligament fossa usually equals the interarticular ligament fosse in 
height, and its proximal border is rather strongly convex, sometimes even rounded- 
triangular. It is deeply excavated, so that the ligament pit is usually rendered 
more or less obsolete, sometimes being evident only as a shallow and broad groove 
on the lower (dorsal) side of the transverse ridge. 

The interarticular ligament fosse are usually triangular with their inner 
angles truncated, but their distal border rarely makes so great an angle as 60° 
with the transverse ridge Frequently the distal border inwardly makes an angle 
of from 45° to 60° with the transverse ridge, but gradually curves outward so that 
outwardly it is almost or quite parallel to the transverse ridge, or even slopes more 
or less downward. 

The septum bounding the interarticular ligament fosse anteriorly is inwardly 
very high and rather narrow. In profile it is seen to decrease very rapidly in 
height at first, then to make a broad curve and to decrease gradually and evenly 
to its outer end; in a few forms this septum is so reduced as only to be indicated 
by a low narrow ridge, or it may entirely disappear before the outer edge of the 
joint face is reached. The outer edge of the interarticular ligament fosse is 
usually straight, but it may be strongly concave or strongly convex. 

The muscular fosse are always larger, usually much larger, than the inter- 
articular ligament fossee, and they are always very thin and broadly rounded; 
they are separated interiorly by a septum which is usually narrow and high, and 
their tips are separated by a more or less developed intermuscular notch. 

The central canal is large and well rounded, and is bordered by a high 
narrow rim. 


ANTEDONID. 
ANTEDONIN 2. 


The articular faces of the radials are broader than high. They are inclined 
inward at an angle of approximately 60° with the dorsoventral axis and are entirely, 
though slightly, separated from each other interradially. All of the joint face 
elements lie approximately in the same plane. The muscular fosse are but 
slightly larger than the interarticular ligament fosse, which are of about the 
same height as the dorsal ligament fosse. The proximal border of the dorsal 
ligament fosse is strongly convex. The distal borders of the interarticular liga- 
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ment fosse may make an angle of 45° with the transverse ridge, are usually 
more nearly horizontal. They may carry a supplementary boss at the inner angles. 
The outer borders are usually slightly convex; the muscular fosse are broadly 
rounded, quadrilateral, usually broader than high, though they may be slightly 
higher than broad if the distal border of the interarticular ligament fossve is 
very oblique. Their lateral edges project slightly, if at all, beyond those of the 
interarticular ligament fosse and maintain the same general direction. The 
muscular fosse are separated interiorly by a broad intermuscular septum which 
is more or less concave at its summit and is broader proximally than distally. 
The intermuscular notch is shallow and broadly rounded proximally. 


ANTEDON PETASUS. 


Fig. 78, p. 53. 


The dorsal ligament fossa is about two and one-half times as broad as high, 
with the proximal border semielliptical. The ligament pit is shallow, somewhat 
larger than the central canal, with which it is confluent distally. 

The outer edge of the interarticular ligament fosse is nearly or quite straight 
and makes an angle of about 60° or 70° with the transverse ridge. It is about 
half as long as the distance from the end of the transverse ridge to the edge of 
the central canal. From the distal corner the distal edge of the interarticular 
ligament fosse slopes inward, making a small angle with the transverse ridge 
and joining the intermuscular septum at a level about as far above the level of 
the distal border of the central canal as the median diameter of the canal. This 
distal border of the interarticular ligament fosse is straight or slightly convex; 
in profile it is seen to be a high ridge rapidly decreasing in height outwardly, 
with a prominent broad, shallow, rounded notch about halfway between its inner 
and outer ends. Its inner portion bears on the outer side a prominent supple- 
mentary muscle plate which extends outward about halfway to the outer end. 

The intermuscular septum is very broad, just over the central canal being 
nearly as broad as the diameter of that canal. It narrows distally and beyond 
the supplementary muscle plates is only about half as wide, with parallel sides. 
It carries a broad, shallow median groove, which, just over the central canal, is 
more or less expanded and somewhat deepened. 

The muscular fossee are about as high as the dorsal ligament fosse; the 
outer side is broadly rounded; the intermuscular notch is well rounded, its sides 
making with each other an angle of approximately 90°. 

The elements of the joint face distal to the transverse ridge make, when 
viewed in profile, an angle of about 90° with each other. 

There is little or no caleareous deposit within the ventral portion of the 
radial pentagon. 

Height of articular face (measured along the inclination), 1.4 mm.; width, 
at transverse ridge, 2 mm. 
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ANTEDON MEDITERRANEA. 


Fig. 79, p. 58. 


The radial articular faces of this species differ but very slightly from those of 
A. petasus. 

The chief difference is in the intermuscular septum, which diminishes rapidly 
distally instead of being parallel sided as in A. petasus. 

The ridge forming the distal border of the interarticular ligament fosse 
is not nearly so high and well developed, and the angle which it makes with the 
transverse ridge is somewhat greater. 

The muscular fosse are proportionately smaller than those of A. petasus, and 
the ends of the dorsal ligament fossze are much more acute. 

The difference in the shape of the muscular fosse as shown in the figures is 
merely a matter of individual variation, the muscular fosse being the most variable 
elements of the joint face. 

As in A. petasus, there is little or no calcareous deposit within the ventral sur- 
face of the radial pentagon. 

Height of articular face (measured along the inclination), 1.4: mm.; width, at 
transverse ridge, 2.2 mm. 

ANTEDON ADRIATICA. 


Fig. 80, p. 53. 


There appears to be but little difference between the radial articular faces 
of this species and those of A. mediterranea. The muscular fosse are propor- 
tionately slightly smaller with the outer distal angles more broadly rounded, and 
the interarticular ligament fosse are narrower as a consequence of their anterior 
border making a considerably less angle with the transverse ridge. 


ANTEDON BIFIDA. 
Figs. 994-096, pl. 4. 
COMPSOMETRA LOVENI., 
Fig. 81, p. 53. 


The dorsal ligament fossa is about three times as broad as high, with the 
proximal border well rounded. The ligament pit is about as large as the central 
canal, but is not strongly marked. 

The ends of the transverse ridges are not quite in contact interradially. 
The interarticular ligament fosse are separated interradially by a narrow, shallow, 
parallel-sided groove, which becomes narrower or almost closed between the mus- 
cular fosse. 

The outer edge of the interarticular fosse is straight and makes an angle of 
about 60° with the transverse ridge. The distal edge is straight and makes an 
angle of about 45° with the transverse ridge. 
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Figs. 76—88.—RADIAL PENTAGONS OF VARIOUS COMATULIDS. 76. CRINOMETRA CONCINNA, LATERAL VIEW OF 
RADIALS AND CENTRODORSAL. 77. SAME, VENTRAL VIRFW OF RADIAL PENTAGON. 78. ANTEDON PETASUS, 
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 79. ANTEDON MEDITPRRANHA, LATERAL VIEW OF RADIALS 
AND CENTRODORSAL. 80. ANTEDON ADRIATICA, LATERAL VIDW OF RADIALS AND CENTRODORSAL. 81. CoMP- 
SOMETRA LOVENI, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 82. PEROMETRA DIOMEDE®, LATPRAL 
VIEW OF RADIALS AND CENTRODORSAL. 83. SAME, FROM ANOTHER SPECIMEN. 84. SAME SPECIES, VENTRAL 
VIEW OF RADIAL PENTAGON. 85. HYPALOMETRA DEFECTA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 
86. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 87. ERYTHROMETRA RUBPR, LATERAL VIBW OF RADIALS 
AND CENTRODORSAL, 88, SAME, VENTRAL VIEW OF RADIAL PENTAGON. 
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The height of the muscular fosse is about equal to that of the interarticular 
ligament fosse. Their inner and proximal edges are about equal in length and 
make an angle of about 45° with each other. The outer and distal edges also are 
of equal length, but shorter than the others, so that the outer edges continue the 
direction of the outer edges of the interarticular ligament fosse. 

The muscular fossz are separated interiorly by a broad and rather high inter- 
muscular ridge. The intermuscular notch is small and shallow, or nearly obsolete. 

There is no calcareous deposit within the ventral surface of the radial pentagon. 

Diameter of radial pentagon at base, 1.5 mm.; height of articular face (meas- 
ured along the inclination), 0.8 mm.; width, at transverse ridge, 0.7 mm.; distance 
from center of rosette to middle of outer distal edge of radial, 0.6 mm. 


TrHysANOMETRINE. 


THYSANOMETRA TENELLOIDES. 


Figs. 89, 90, p. 62. 


The dorsal ligament fossa is very narrow, four times as broad as high, or even 
somewhat broader; the proximal border is regularly semielliptical. The ligament 
pit is about as large as the transversely oval central canal, but is only faintly 
marked. 

The transverse ridges are nearly or quite confluent across the interradial planes, 
but the dorsal ligament fosse are widely free; the interarticular ligament fosse are 
separated interradially by a moderately wide deep furrow. The muscular fosse 
are usually in close lateral apposition, but they may be separated in a manner 
similar to the interarticular ligament fosse. 

The outer edge of the interarticular ligament fosse is usually more or less 
strongly concave, and makes typically a general angle of about 60° with the trans- 
verse ridge. It is about half as long as the distance between the outer ends of the 
transverse ridge and the outer edge of the central canal, or slightly shorter. The 
distal edge runs inward and upward at an angle of nearly or quite 30° to the trans- 
verse ridge, soon beginning to curve and making a broad sweep to a point on the 
intermuscular structures slightly farther from the transverse ridge than the distal 
lateral angles of the interarticular ligament fosse. The height of the convexity is 
rather over one-third of the distance along the septum from the inner to the 
outer end. 

Beyond the central canal, separated from it by a narrow ridge, there is a more 
or less rhombic area, depressed centrally, the proximal sides of which are delimited 
by the converging inner ends of the distal borders of the interarticular ligament 
fossee, which stand up as low, narrow, rounded ridges above the general surface. 
The maximum width of this area, which is at the point where the distal borders 
of the interarticular ligament fosse in curving outward become free, is about equal 
to the transverse (greater) diameter of the central canal. From this point onward 
it gradually narrows anteriorly and comes almost to a point at the proximal end 
of the intermuscular notch. 
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The muscular fosse are nearly or quite half again as broad as high, sub- 
quadrangular, with broadly rounded distal corners and distal edge. There is a 
very narrow, but very deep, intermuscular notch which reaches downward for 
about half the distance from the distal edge of the muscular fossz to the distal 
edge of the central canal. This notch is rounded proximally and is always more 
or less obscured by the closing together of the muscular fosse over it. 

The joint face elements distal to the transverse ridge slope inward, at first 
making an angle of about 45° with the plane passing through the middle of the 
joint face and including the dorsoventral axis of the animal, but they gradually 
curve around and at the middle of the joint face are parallel to the transverse 
ridge, so that the inner portion of the joint face, instead of being a reentrant right 
angle, is broadly rounded. This also results in a considerable shortening of the 
distance of incision of the reentrant angles of the stellate border of the ventral 
surface of the radial pentagon. 

There is scarcely more than a trace of calcareous deposit within the ventral 
surface of the radial pentagon. 

Diameter of radial pentagon at base, 5 mm.; height of articular face (meas- 
ured along the inclination), 2.7 mm.; width, at transverse ridge, 3.8 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 2.1 mm.; diameter 
of ventral interarticular space, 1.9 mm. 


COCCOMETRA HAGENII, 


Figs. 112, 118, p. 67. 


The dorsal ligament fossa is about three times as broad as long, with the 
proximal border semielliptical. Only that part of the ligament pit just under the 
transverse ridge is indicated; this is very narrow, somewhat broader than the 
central canal. 

The ends of the transverse ridges just join over the interradial planes, but the 
dorsal ligament fosse are entirely free laterally. The interarticular ligament fossee 
are laterally separated by a moderately deep narrowly V-shaped furrow, which is 
almost or quite bridged over by the distal half of the muscular fosse. 

The interarticular ligament fosse are rather deeply excavated and are prac- 
tically equilateral triangles with their inner angles truncated by the rim about the 
central canal. The distal border is slightly convex. 

The intermuscular ridge is high and broad proximally, but decreases rather 
rapidly in height and breadth in the proximal third, more gradually from that 
point onward. 

The muscular fosse are narrow and high, rounded triangular. Their height 
is somewhat over twice their maximum width, and about the same as the height 
of the interarticular ligament and dorsal ligament fossee combined. Their outer 
edge has practically the same direction as the outer edge of the interarticular 
ligament fosse. 

There is no calcareous deposit within the ventral surface of the radial pentagon. 
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Height of articular face (measured along the inclination), 1.9 mm.; width, 
at transverse ridge, 1.5 mm,; distance from center of rosette to middle of outer 
dorsal edge of radial, 0.9 mm. 


PEROMETRINZE. 


The radials project much more than usual from the centrodorsal, so that the 
proximal border of the dorsal ligament fosse is considerably beyond the periphery 
of the ventral rim of the centrodorsal. 

The exposed dorsal surface of the radials is slightly concave in profile instead 
of, as usual, more or less convex. 

The radial articular faces are broader than high and are inclined inward at 
an angle of approximately 60° with the dorsoventral axis. 

They are entirely, though slightly, separated from each other interradially. 

All the joint face elements lie in the same plane. The muscular fossz are not 
greatly larger than the interarticular ligament fossee, which are about the same 
height as the dorsal ligament fossa. The proximal border of the dorsal ligament 
fossa is slightly flattened. The general direction of the distal border of the inter- 
articular ligament fosse is upward and outward, at an angle of 45° to the trans- 
verse ridge. The distal border of the interarticular ligament fosse is, owing to 
the comparatively small amount of excavation of the inner portion of the joint 
face, rather low; it may bear a supplementary boss at its inner end; the outer 
border may be straight, slightly convex, or moderately concave. The muscular 
fossee are separated interiorly by a broad low intermuscular septum with parallel 
sides, which may be more or less concave along its summit. The intermuscular 
notch is broad, not very deep, and well rounded proximally. 

The inner sides of the radials slope inward, so that the inner part of the radial 
pentagon is funnel-shaped instead of a hollow cylinder as usual, and the free 
central canal is therefore comparatively small. There is more or less of a deposi- 
tion of calcareous matter within the radial pentagon and on the ventral surface 
of the rosette. 


PEROMETRA DIOMEDE®. 


Figs. 82-84, p. 53. 


The dorsal ligament fossa is narrow, about three times as broad as high, 
with the proximal border semielliptical or slightly flattened. The ligament pit 
is reniform or broadly oval, somewhat larger than the central canal but not 
strongly marked. 

Each articular face is entirely separated from its neighbors by a shallow 
furrow, which at the ends of the transverse ridges is about as broad as the central 
canal, becoming slightly broader between the interarticular ligament fosse and 
considerably narrower between the muscular fosse. 

The interarticular ligament fossee are somewhat higher than the dorsal liga- 
ment fossa. Their outer border is more or less concave and makes a general 
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angle of about 60° with the transverse ridge, this angle being somewhat less in 
small specimens. 

The inner edges of the ridges forming the distal borders of the interarticular 
ligament fossz are swollen and stand out as rounded bosses. 

The intermuscular furrow is shallow and about half as broad as the central 
canal. 

The muscular fosse are but little larger than the interarticular ligament 
fosse and are approximately rhombic in shape, with the outer and inner distal 
angles well rounded. Their outer edge is less than that of the interarticular 
ligament fosse. 

There is more or less of a calcareous deposit within the ventral concavity of 
the radial pentagon, so that the rosette is not visible in ventral view. 

Diameter of radial pentagon at base, 2.3 mm.; height of articular face (meas- 
ured along the inclination), 1.4 mm.; width, at transverse ridge, 1.8 mm.; diameter 
of ventral interarticular space, 1.8 mm. 


ERYTHROMETRA RUBER. 
Figs. 87, 8S, p. 53. 


The dorsal ligament fossa is about two and one-half times as broad as high, 
well rounded proximally. The ligament pit is about the size and shape of the 
central canal, but is only faintly marked. 

The adjacent articular faces are separated interradially by a narrow shallow 
furrow, which is about half as wide as the central canal. The sides of this 
furrow are parallel, or it may be more or less constricted between the muscular 
fosse. Proximally it is not constricted at the transverse ridge but gradually 
bends outward, the edges continuing into the proximal borders of the dorsal 
ligament fosse. 

The outer edge of the interarticular ligament fosse is slightly convex and 
is continued, as in Hathrometra proliaa, into the outer edge of the muscular 
fosse. It makes a general angle of about 60° with the median axis of the joint 
face. The distal edge makes an angle of about 45° with the transverse ridge ; 
it consists of a low ridge which rapidly decreases in height, so that in its outer 
fourth or fifth it is barely indicated, or is absent altogether. It takes its origin 
relatively low down on the sides of the rim surrounding the central canal so that a 
line parallel to the transverse ridge passing through the distal border of the canal 
also passes through the inner bases of the distal borders of the interarticular 
ligament fosse. 

The muscular fosse are small, being only slightly larger than the interarticular 
ligament fosse. Their distal edges are about as long as, and are parallel with, 
the distal edges of the interarticular ligament fosse, making. therefore, an angle 
of about 90° with each other; outwardly they sweep in a broad curve and are 
continued downward into the outer edges of the interarticular ligament fosse. 

The muscular fosse are separated interiorly by a broad, low intermuscular 
ridge. 
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There is more or less of a calcareous deposit within the ventral surface of the 
radial pentagon, but it is scarcely sufficient to conceal the rosette from ventral view. 

Diameter of radial pentagon, 1.4 mm.; height of articular face (measured 
along the inclination), 0.7 mm.; width, at transverse ridge, 0.7 mm.; distance from 
center of rosette to middle of outer dorsal edge of radial, 0.6 mm.; diameter of 
ventral interarticular space, 0.7 mm. 


HELIOMETRIN-E. 


The articular faces are usually about as high as broad, or somewhat (never 
over one-fourth) higher than broad. 

The interarticular ligament and the muscular fosse usually make approxi- 
mately the same angle with the dorsoventral plane of the radial, but the latter 
may be more nearly parallel with the dorsoventral axis than the former, in which 
ease the inclination of the dorsal ligament fossa in reference to the dorsoventral 
axis is intermediate between the two. 

The interarticular ligament fosse are about as high as the well-rounded or 
subtriangular dorsal ligament fossa, and about half as high as the muscular fosse. 
Their outer border is usually more or less strongly concave; their distal border 
usually makes an angle of from 30° to 45° with the transverse ridge, at least 
inwardly; outwardly it may become horizontal. 

The muscular fosse are usually rounded triangular, though their sides may 
be more or less parallel, at least proximally. Their distal angle is usually broadly 
rounded, but its outer side may be more or less flattened. 

The muscular fosse are separated interiorly by an intermuscular septum which 
is usually high proximally but rather low for most of its length. It is commonly 
very narrow but may be considerably broadened in correlation with a general 
broadening of all the central calcareous structures, especially the inner ends of 
the distal border of the interarticular ligament fosse. Distally the muscular 
fosse are separated by an intermuscular notch which is narrow and sharp pointed 
proximally if the intermuscular septum is narrow, but proportionately broad and 
rounded proximally if the intermuscular furrow is broad. 

The central canal is large, circular to broadly oval in shape; the ligament 
pit is large, considerably larger than the central canal, but only slightly marked. 


PROMACHOCRINUS KERGUELENSIS. 
See figs. 1001, 1002, pl. 4. 
SOLANOMETRA ANTARCTICA. 
See figs. 997, 998, pl. 4. 
FLOROMETRA ASPERRIMA,. 
Figs. 97, 98, p. 62. 


The dorsal ligament fossa is narrow, rounded triangular, three or four times as 
broad as high. The ligament pit is about twice as broad as the central canal, 
reniform, but only faintly marked. 
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The transverse ridges of adjacent articular faces join interradially, and the 
ends of the dorsal ligament fosse are slightly truncated and more or less con- 
fluent. The interarticular ligament fossx are separated interradially by a narrow 
parallel sided groove, but the thin lateral edges of the muscular fosse are in close 
contact. E 
The lateral borders of the interarticular ligament fosse make an angle of, 
in general, about 30° with the dorsoventral axis of the animal. Their central 
portion is straight; proximally they at first retreat rather strongly from the ends 
of the transverse ridge, and distally they retreat, less strongly, from the lower 
outer angles of the muscular fosse. The interarticular ligament fossx are about as 
high as the dorsal ligament fossa; their distal borders run from the distal angle 
inward and downward, making an angle of between 30° and 40° with the trans- 
verse ridge, joining the central calcareous structures at a height above the central 
canal which is about equal to its horizontal (greater) diameter. 

The calcareous prominence about and above the central canal is large and 
broad; roughly, it may be described as an equilateral triangle, the base of which 
rests upon the transverse ridge, the apex being continued anteriorly into the nar- 
row intermuscular septum. From the outer half of each side arise the ridges 
forming the anterior borders of the interarticular ligament fosse. These are at 
first broad, but narrow rapidly and are slender in their outer half. The portion 
of the central calcareous structures distal to the central canal is more or less 
excavated, so that its edges are raised into a more or less marked rim proximally 
and laterally. It also slopes inward at a considerable angle, so that the inter- 
muscular septum at its inception is only about one-half the height of the ridges 
forming the distal border of the interarticular ligament fosse. 

The intermuscular septum is comparatively low; it decreases slowly and evenly 
in height distally, ending at the intermuscular notch. Its sides are nearly or 
quite parallel. 

The outer borders of the muscular fosse are parallel to the dorsoventral axis 
of the animal, and are about as long as the outer edges of the interarticular 
ligament fosse. The distal edges make an angle of about 40° with the transverse 
ridge until near the median axis of the joint face, when they turn rather abruptly 
downward to form a rather broad intermuscular notch which reaches a depth of 
from one-third to one-half of the length of the intermuscular septum. The outer 
distal angle of the muscular fosse, between the outer and the distal edges, like 
the distal angle on either side of the intermuscular notch, is only moderately 
rounded, rather less so than the latter. 

The elements of the joint face distal to the transverse ridge on either side of 
the median line of the joint face make with each other an angle of about 90°, so 
that the inner part of the joint face is very deep; but the apex of the groove is 
rather broadly rounded off, so that the inner part of the articular faces encroaches 
comparatively little upon the ventral face of the radial pentagon. 

There are at most only a few threads of calcareous matter within the central 
cavity of the radial pentagon, so that the rosette is in plain view from the 
ventral side. 
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Diameter of radial pentagon at base, 7 mm.; height of articular face (meas- 
ured along the inclination), 4 mm.; width, at transverse ridge, 3.7 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 3 mm.; diameter of 
ventral interarticular space, 1.9 mm. 


FLOROMETRA PERPLEXA. 


Figs. 95, 96, p. 62, and 1009-1014, pl. 5. 


In general the radial articular faces in this species resemble those of 
F.. asperrima. The central calcareous structures, however, are much larger, their 
base occupying a distance along the transverse ridge equal to one-half the entire 
length of the ridge. The central portion of these structures is roughly oblong, 
half again as broad as high, with the distal angles produced outward and slightly 
upward. On account of the large size of these central structures the interarticular 
ligament fossz are much restricted, and do not extend inward more than halfway 
to the median axis of the joint face. The proximal border of the interarticular 
ligament fosse is more evenly curved than in /. asperrima. There is a slight 
development of calcareous matter within the ventral cavity of the radial pentagon. 

Diameter of radial pentagon at base, 6 mm.; height of articular face (meas- 
ured along the inclination), 3.4 mm.; width, at transverse ridge, 3 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 2.6 mm.; diameter 
of ventral interarticular space, 1.6 mm. 


FLOROMETRA TANNERI. 


Fig. 1008, pl. 5. 
ZENOMETRIN&. 


The articular faces of the radials are about one-third again as high as broad. 
The interarticular ligament fosse are inclined inward at an angle of from 60° to 
80°, but the muscular fosse are nearly or quite parallel with the dorsoventral axis 
of the animal. The inclination of the dorsal ligament fossa is intermediate between 
that of the interarticular ligament and the muscular fosse. 

The interarticular ligament fossx are about as high as the well-rounded dorsal 
ligament fossa, but less than one-half as high as the muscular fosse. Their distal 
borders make an angle of about 45° with the transverse ridge, at least inwardly. 
The outer portion may curve about so as to become nearly or quite horizontal (that 
is, parallel to the transverse ridge). 

The muscular fosse are narrow or broad, according to the angle made by the 
interarticular ligament fossee with the dorsoventral axis; they are well rounded, 
everywhere convex, their rounded lateral edges projecting considerably beyond the 
straight or slightly convex ends of the interarticular ligament fosse. 

The muscular fosse are separated interiorly by a high but rather narrow inter- 
muscular septum, and distal to it by a wide intermuscular notch, broadly rounded 
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proximally and with but slightly diverging sides, which is in depth equal to from 
one-third to the entire length of the intermuscular furrow. 
There is no deposit of calcareous matter within the ventral cavity of the 
radial pentagon. 
ZENOMETRA COLUMNARIS. 


Figs. 98, 94, p. 62. 


The dorsal ligament fossa is about three times as broad as high, with the 
proximal border moderately convex, becoming more strongly curved at the ends. 
The ligament pit is very large and narrowly reniform, but shallow and ill defined. 

The transverse ridges join across the interradial angles. The lateral ends of 
the dorsal ligament fosse are slightly confluent; the lateral edges of the inter- 
articular ligament fossze are separated by a narrow but deep furrow, which is 
bridged over distally by the lateral expansion of the muscular fosse. 

The interarticular ligament fosse are in shape almost equilateral triangles, the 
inner ends of which are truncated by the broad high rim about the central canal. 
Their height is equal to the height of the dorsal ligament fossa. 

The central canal is large and slightly oval. It is surrounded by a raised 
area, which at the sides takes the form of a high narrow rim continuous with the 
distal portion of the transverse ridge; the central canal thus appears to be sunken 
for about half its height below the distal edge of the transverse ridge. Distal to 
the central canal this border becomes wider, and may equal in width the diameter 
of the central canal. From it run the distal edges of the interarticular ligament 
fosse in the shape of high narrow septa, gradually decreasing in height and finally 
turning rather abruptly downward; between these lies the median intermuscular 
septum, which at first decreases rather rapidly in height, then more slowly, con- 
tinuing as a prominent ridge to the distal intermuscular notch. 

The muscular fosse are large, but comparatively narrow. Their inner (ap- 
posed) edges are about twice as long as their lower edges, which border the inter- 
articular ligament fosse. They are roughly triangular in form, with the outer 
edges well rounded and projecting well beyond the outer edges of the interarticular 
ligament fosse, The distal inner angles are much more broadly rounded than the 
lateral angles. 

Distal to the transverse ridge the two lateral halves of each joint face make 
an angle of 90° with each other, so that the inner part of the interarticular liga- 
ment and muscular fosse is very deeply excavated. 

There is no deposit of calcareous matter on the inner portions of the radials. 

Height of the articular face (measured along the inclination), 3.4 mm.; width, 
at transverse ridge, 2.6 mm. 


PSATHYROMETRA FRAGILIS. 
Figs. 91, 92, p. 62. 


The dorsal ligament fossa is large, about two and one-half times as broad as 
long, well rounded proximally. The ligament pit is wider than the central canal, 
but very narrow and but slightly marked. 
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Figs. 89-101.—RapIAL PHENTAGONS OF VARIOUS COMATULIDS. 89. 'THYSANOMETRA TENELLOIDES, LATERAL VIBW 


OF RADIALS AND CENTRODORSAL. 90. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 91, PSATHYROMETRA 
FRAGILIS, LATERAL VIBW OF RADIALS AND CENTRODORSAL. 92. SAMB, VENTRAL VIEW OF RADIAL PENTA- 
GON. 93. ZBNOMETRA COLUMNARIS, LATRRAL VIEW OF RADIALS AND CENTRODORSAL. 94, SAME, VENTRAL 
VIEW OF RADIAL PENTAGON. 95. FLOROMETRA PERPLEXA, LATHRAL VIEW OF RADIALS AND CENTRODORSAL. 
96. SAMB, VENTRAL VIEW OF RADIAL PENTAGON. 97. FLOROMETRA ASPERRIMA, LATERAL VIEW OF RADIALS 
AND CENTRODORSAL. 98. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 99. TRICHOMETRA CUBENSIS, LAT- 
BRAL VIEW OF RADIALS AND CENTRODORSAL, 100. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 101. 
HATHROMETRA PROLIXA, LATERAL VIEW oF RADIALS AND CENTRODORSAL. 
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In the interradial angles the articular faces are separated, proximal to the 
lower fourth of the mascular fosse#, by a triangular space, slightly excavated, the 
sides of which make with each other an angle of about 30°, the apex lying at the 
distal end of the proximal fourth of the muscular fosse. The sides are straight 
and regularly divergent as far as the transverse ridge; they then very gradually 
begin to turn, passing over into the curved proximal borders of the dorsal liga- 
ment fosse. 

The interarticular ligament fosse are small, and scarcely equal in height the 
dorsal ligament fossa; the outer half of their distal border is nearly or quite 
parallel to the transverse ridge; the inner half curves gradually downward, so 
that it joins the rim about the central canal at an angle of about 45°. 

The intermuscular septum is low and comparatively broad, extending distally 
to the intermuscular notch. At first it decreases in height rapidly, then more 
gradually. 

The maximum height of the muscular fosse is equal to that of the dorsal liga- 
ment and the interarticular ligament fosse combined. They are separated in- 
teriorly by a broad and deep intermuscular notch, rounded proximally, which 
extends downward for two-fifths, or even one-half, of the distance from the outer 
border to the distal rim about the central canal. They are very broadly rounded. 

The joint face elements on either side of the dorsoventral plane distal to the 
transverse ridge make with each other a much broader angle than usual, the angle 
approximating 120°, so that the excavation of the reentrant angles of the ventral 
star of the radial pentagon is comparatively slight. The outer three-fourths of the 
muscular fosse lie in a plane parallel to the dorsoventral axis of the animal, 

There is no deposition of calcareous matter on the inner sides of the radials. 

Diameter of radial pentagon at base, 4.3 mm.; height of articular face (meas- 
ured along the inclination), 2.5 mm. ; width, at transverse ridge, 2 mm.; diameter 
of ventral interarticular space, 2 mm. 


BatTHYMETRIN2E. 


HATHROMETRA PROLIXA. 
Fig. 101, p. 62. 


The dorsal ligament fossa is more flattened proximally than in H. tenella. 

The interarticular ligament fosse are only partially separated from the mus- 
cular fosse distally. The septum is of the same character as that in ZH. tenella, 
but it rapidly decreases in height and terminates halfway between the rim about 
the central canal and the outer edge of the joint face. The outer edge of the area 
occupied by the interarticular ligament, instead of being strongly concave as in 
H. tenella, is convex. 

The muscular fosse are longer and narrower than in H. tenella, being one- 
third longer than the distance from the inferior border of the dorsal ligament fossa 
to the distal border of the interarticular ligament fosse. The outer edge of the 
muscular fossx is slightly concave, or nearly straight. 
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HATHROMETRA TENELLA. 


Figs. 102-105, p. 67. 


The dorsal ligament fossa is narrow, from three to three and one-half times 
as broad as high, with the proximal border regularly elliptical or slightly flattened. 
The ligament pit is somewhat, usually considerably, broader than the central canal, 
but narrow dorsoventrally. 

The transverse ridge is narrow, rising somewhat inwardly to meet the narrow 
but very high rim about the central canal. The central canal is large and trans- 
versely oval. The rim about the central canal is broader distally than laterally. 
From the middle of the distal edge arises the intermuscular septum; this at first 
is as high as the rim and comparatively broad, but it rapidly decreases in height 
and width for a short distance until it becomes a low, narrow septum, when it 
rather abruptly assumes a very gradual decrease in height. It extends to the 
intermuscular notch. On either side of the intermuscular septum, nearly over 
the lateral borders of the central canal, arise the ridges forming the distal border 
of the interarticular ligament fosse. These run outward, making an angle of 
about 40° with the transverse ridge, and are practically straight; like the inter- 
muscular septum they are at first high and comparatively broad, but gradually 
become low and narrow; as a rule their decrease in height and width is very regu- 
lar, there being no abrupt change as in the case of the intermuscular septum. 

The interarticular ligament fosse are of the same height as the dorsal ligament 
fossa. Their outer edges are strongly and regularly concave and their general 
direction makes an angle of from 70° to 80° with the transverse ridge; their distal 
edges make an angle of about 40° with the transverse ridge; their inner angles are 
truncated. The interarticular ligament fossee are separated interradially by a 
narrow shallow furrow with parallel sides which is bridged over distally by the 
muscular fosse, these being in close lateral contact. 

The muscular fosse are rounded triangular and very large; they are about twice 
as high as the interarticular ligament fosse, or as high as the distance from the 
proximal edge of the dorsal ligament fossa perpendicularly to the distal apex of 
the interarticular ligament fosse. Their distal angles are more rounded than their 
lateral angles, but are relatively sharp. Distally the muscular fosse are separated 
interiorly by an intermuscular notch, which is usually about as deep as the dorso- 
ventral (lesser) diameter of the central canal, narrow, and sharply pointed 
proximally. It may, however, be closed by the approximation of the muscular 
fossee on either side, or it may make a rather wide rounded V; occasionally it may 
extend considerably downward. 

The excavation of the joint face elements is deep, so that the halves on either 
side of the dorsoventral plane distal to the transverse ridge make an angle of about 
90° with each other. 

There is no calcareous deposit on the inner surface of the radials. 

Diameter of radial pentagon at base, 2.8 mm.; height of articular face (meas- 
ured along the inclination), 1.9 mm.; width, at transverse ridge, 1.6 mm.; distance 
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from center of rosette to middle of dorsal outer edge of radial, 1.3 mm. ; diameter 
of ventral interarticular space, 0.2 mm. to 0.4 mm. 

The preceding description is based upon a comparative study of 10 specimens. 

In five larger specimens the narrow septum forming the distal border of the 
interarticular ligament fosse, instead of being straight and making an angle of 
about 40° with the transverse ridge as in those just described, makes a broad curve, 
and in the outer portion becomes parallel to the transverse ridge. The outer border 
of the muscular fosse also is more convex, and the intermuscular notch is less deep 
and less variable in form. 

Height of articular face (measured along the inclination), 2 mm.; width, at 
transverse ridge, 1.8 mm.; diameter of ventral interarticular space, 0.4 mm. 


TRICHOMETRA CUBENSIS. 


Figs. 99, 100, p. 62. 


The radial articular faces of this species are essentially like those of Hathro- 
metra tenella. 

The chief differences are that the outer edge of the interarticular ligament 
fosse is nearly straight instead of strongly concave; the distal edge of the inter- 
articular ligament fosse, which is straight, makes a somewhat less angle with the 
transverse ridge; and the muscular fosse have both the proximal outer and distal 
angles broadly and equally rounded, the outer border between them being slightly 
concave; the intermuscular notch is only slightly indicated. 

Diameter of radial pentagon at base, 2 mm.; height of articular face (meas- 
ured along the inclination), 1.2 mm. ; width, at transverse ridge, 1.1 mm.; diameter 
of ventral interarticular space, 0.3 mm. 


NANOMETRA BOWERSI. 


Figs. 106, 107, p. 67. 


The dorsal ligament fossa is about three times as broad as high, with the 
proximal border rather strongly flattened. The ligament pit is only faintly 
indicated. 

The articular faces are separated interradially by a narrow shallow groove of 
uniform width, which is about half as broad as the central canal. The transverse 
ridges of adjoining joint faces are in contact with each other, but the interradial 
groove is not bridged by the muscular fossee. 

The interarticular ligament fosse are approximately equilateral triangles, with 
their inner angles broadly truncated. Their distal border is only faintly indicated 
by a very narrow, almost obsolete, ridge. 

The intermuscular septum is rather broad, with parallel sides, and is never 
much raised above the general level of the muscular fossee. 

The muscular fosse are slightly less in height than the distance from the distal 
angle of the interarticular ligament fosse to the proximal border of the dorsal 
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ligament fosse; in general they are rounded triangular, their outer edge con- 
tinuing in the same direction as the outer edge of the interarticular ligament fossve. 
The distal angle is strongly rounded, this involving usually the outer portion of 
the lateral edge. The intermuscular notch is moderately deep, and rounded 
proximally; its sides may be nearly parallel, or they may make an angle of nearly 
90° with each other. 

There is no calcareous deposit within the ventral surface of the radial pentagon. 

Diameter of radial pentagon at base, 2 mm.; height of articular face (meas- 
ured along the inclination), 1.1 mm.; width, at transverse ridge, 1.2 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 0.8 mm. 


THAUMATOMETRA TENUIS. 
Figs. 108-111, p. 67. 


The dorsal ligament fossa is narrow, about four times as broad as high, with 
the proximal border regularly semielliptical, sometimes slightly flattened. The 
ligament pit is very narrow transversely and faintly marked, but is broader than 
the central canal. 

The ends of the transverse ridges are in contact in the interradial angles, but 
the dorsal ligament fosse are widely free. The interarticular ligament fosse are 
separated interradially by a moderately broad V-shaped space, the sides of the V 
being slightly incurved, which is closed anteriorly by the apposition of the mus- 
cular fosse. 

The high narrow ridge forming the distal border of the interarticular liga- 
ment fosse at its inner end makes an angle of from 30° to 40° with the transverse 
ridge. In young individuals, as in small specimens of Hathrometra tenella, this 
direction is maintained throughout its entire length, but in large individuals 
it gradually curves about so that its outer half becomes parallel to the transverse 
ridge, or even slopes slightly downward. In profile the crest of the ridge forming 
the anterior border of the interarticular ligament fosse is seen to be at the inner 
end strongly concave, from this curved portion running straight to the outer end, so 
that the ridge gradually diminishes in height. The height of the interarticular 
ligament fosse is about equal to that of the dorsal ligament fossa. 

The central calcareous structures of the joint face resemble those found in 
Florometra asperrima, but the triangular area is slightly smaller. 

The muscular fosse are large and well rounded, their height being somewhat 
greater than that of the interarticular ligament and dorsal ligament fosse com- 
bined. They are subtriangular, with the distal angles very broadly rounded, es- 
pecially in the larger specimens. The intermuscular notch, which is moderately 
broad and may be either acute or rounded proximally, extends inward for some- 
what more than one-third the distance from the distal edge of the muscular fosse 
to the central canal. 

There are only a few slender strands of calcareous deposit within the ventral 


surface of the radial pentagon, so that the rosette is in plain view from the ventral 
surface. 
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Fies. 102-115.—RapiaL PENTAGONS oF VARIOUS COMATULIDS. 102. HATHROMBTRA TENELLA FROM -GRAND 


BANKS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 103. SAME SPECIMEN, VENTRAL VIEW OF RADIAL 
PENTAGON. 104. HATHROMBETRA TENELLA, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 105. SAME 
SPECIMEN, VENTRAL VIBW OF RADIAL PENTAGON. 106. NANOMETRA BOWERSI, LATERAL VIBW OF RADIALS 
AND CENTRODORSAL. 107. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 108. THAUMATOMETRA TENUIS, A 
SMALL INDIVIDUAL, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 109. SAMP SPECIMEN, VENTRAL VINW 
OF RADIAL PENTAGON. 110. THAUMATOMETRA TENUIS, A LARGH INDIVIDUAL, LATERAL VIEW OF RADIALS AND 
CENTRODORSAL. 111. SAME SPECIMEN, VENTRAL VIEW oF RADIAL PENTAGON. 112. CoccomMprra HAGENHL, 
LATERAL VIEW OF RADIALS AND CENTRODORSAL. 113. SAME, VENTRAL VIEW OF RADIAL PENTAGON. 114. 
PENTAMETROCRINUS JAPONICUS, LATERAL VIEW OF RADIALS AND CENTRODORSAL. 115. Samp, VENTRAL 
VIPW OF RADIAL PENTAGON. 
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Diameter of radial pentagon at base, 4.7 mm.; height of articular face (meas- 
ured along the inclination), 2.8 mm.; width, at transverse ridge, 2.8 mm.; distance 
from center of rosette to middle of dorsal outer edge of radial, 2 mm.; diameter 
of ventral interarticular space, 1.7 mm. 


PENTAMETROCRINIDA. 


The radial articular faces are widely separated from each other. 

The dorsal ligament fosse are broadly rounded proximally. 

The interarticular ligament fosse are lower than the dorsal ligament fossa, 
strongly convex exteriorly, the very low and narrow septum forming the distal 
margin making, at least interiorly, an angle of 45° with the transverse ridge. It 
may curve downward so that it makes but a small angle with the transverse ridge 
exteriorly. 

The muscular fosse are about twice the height of the interarticular ligament 
fosse, and are very broadly rounded. The intermuscular septum is high and 
narrow. 

The excavation of the joint face is very deep, and the calcareous lamina form- 
ing the various joint face elements are very thin. 


PENTAMETROCRINUS JAPONICUS. 


Figs. 114, 115, p. 67. 


The dorsal ligament fossa is very narrow, about five times as broad as long, its 
proximal border from the ends of the transverse ridge forming a very regular 
half ellipse. The fossa is very deep, and there is no definite ligament pit. 

The radial articular faces are entirely and rather widely separated from each 
other interradially by deep grooves. The ends of the transverse ridges of adjacent 
joint faces are separated by a space about as broad as the dorsoventral (shorter) 
diameter of the central canal. 

The lateral borders of the interarticular ligament fosse make an angle of 
about 45° with the transverse ridge, basally passing over into the curve of the 
lateral ends of the dorsal ligament fossa around the ends of the transverse ridge. 
In length they are about two-thirds of the distance from the central canal to the 
ends of the transverse ridge. From the distal angle of the interarticular ligament 
fosse the distal edge, which is a narrow and low, but prominent, ridge, runs 
diagonally downward in a straight line, which makes a somewhat less angle with 
the transverse ridge than does the outer border, to the prominent raised rim about 
the central canal which it joins at a level just above that of the distal edge of the 
latter. 

The muscular fosse lean inward, making a greater angle with the dorsoventral 
axis than do the proximal elements of the joint face. When viewed along the line 
of the dorsoventral axis they are seen to have the lower and inner borders (the 
latter on the intermuscular septum) at right angles to each other and of the same 
length. The outer border is a broad curve approaching a quadrant of a circle, 
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but slightly flattened in the center. The two muscular fosse of each joint face 
slope inward toward the median dorsoventral plane, so that they make with each 
other an angle of 90°. The interarticular ligament fossee make with each other a 
slightly greater angle; thus the central canal, which opens on a level with the 
transverse ridge, is covered over where it passes by the muscular and interarticular 
ligament fossz by a thin partition forming a rounded tunnel or tube, the proximal 
end of which forms the rim about the central canal. 

The intermuscular septum is thin, but very high. Its proximal end adjoins 
the rim about the central canal, whence it runs straight to the intermuscular notch, 
thus gradually decreasing in height distally. 

The ventral surface of the radial pentagon is almost or quite devoid of any 
calcareous deposit, so that the rosette is more or less visible in ventral view. 

Diameter of radial pentagon at base, 4.4 mm.; height of radial articular face 
(measured along the inclination), 2 mm.; width, at transverse ridge, 2.2 mm.; 
distance from center of rosette to dorsal outer edge of radial, 2 mm.: diameter of 
ventral interarticular space, 1.2 mm. 


PENTAMETROCRINUS SEMPERI. 
See figs. 1006, 1007, pl. 4. 


In the following key are included all of the recent comatulids of which the 
radial articular faces are known. 

It is understood that this key is purely tentative, for the knowledge of these 
structures is as yet far too fragmentary to enable us to say with any degree of 
certainty what are and what are not the most fundamental differential characters. 
Tt will be noticed that in certain cases quite unrelated species stand side by side, 
and again closely related forms are widely separated; the probability is that when 
these structures have been more extensively studied characters will come to light 
by the use of which a key to the radial articular faces can be drawn up in which 
the species will fall more in accordance with their systematic position as it is 
known from other data. 


KEY TO RECENT COMATULIDS BASED UPON CHARACTERS FOUND IN ARTICULAR FACES OF RADIALS. 


a. The radial articular faces are approximately crescentic and widely separated from each 
other interradially; the dorsal ligament fossa is nearly semicircular; the distal edge of 
the joint face is strongly concave and parallel with the proximal border of the dorsal liga- 
ment fossa; the outer borders of the interarticular ligament fossve are parallel; the mus- 
cular fosse form curved bands of uniform width along the concave distal edges of the 
interarticular ligament fossa@____-—-----------~------------------------ CALOMETRIDZ. 

a’. The radial articular faces are never crescentic. 
bt. The radial articular faces resemble a very thick horseshoe, the borders of the inter- 

articular ligament fosse, which converge distally, passing in a broad curve imper- 
ceptibly into the proximal border of the dorsal ligament fossa, and the furrow between 
the structures distal to the transverse ridge being very broad; they are widely separated 
interradially ; the dorsal ligament fossa is nearly semicircular; the distal border of the 
joint face is straight and parallel with the transverse ridge; the transverse ridge is 
very broad and carries on either side a supplementary ligament fossa in the form of 
a long narrow triangle, the apex of which lies near the lower border of the central 
canal; there are no muscular fossse_-~~-----~~-------~------~------------- Pontiometra, 
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b2. The radial articular faces are never horseshoe shaped; there is always an abrupt change in 

direction between the outer borders of the interarticular ligament fosse and the 
proximal border of the dorsal ligament fossa. 

c. The muscular fosse are much smaller than the interarticular ligament fossx. 

ad. The muscular fosse, which are boomerang shaped with the two arms of the boomerang 

approximately of the same length, curve about the inner distal angle of the inter- 

articular ligament fosse and pass downward along their inner edges nearly or quite 

to the rim about the central: canale++.— —-f+ s=— te" 25-4 see ZYGOMETRID®., 

é. The interarticular ligament fosse are roughly oblong, higher than broad, with their 
inner and outer edges more or less perpendicular to the transverse ridge. 

Zygometra comata, 

e?. The interarticular ligament foss are triangular, with their inner and outer borders 
making approximately the same angle with the transverse ridge. 

f. The inner side of the interarticular ligament fossee is convex and the outer side 
is concave; the proximal border of the dorsal ligament fossa is evenly convex 
and the dorsal ligament fosse are mutually united by their broadly truncated 
Titeraledinglesaaa see eee ee a ee Catoptometra hartlaubi. 

f?. The inner and outer sides of the interarticular ligament fosse are straight; the 
proximal border of the dorsal ligament fossa is strongly flattened; the dorsal 
ligament fossx are entirely separated from their neighbors__Hudiocrinus ornatus. 

d?. The muscular fossse are not boomerang shaped; in the rare cases in which they are 
transversely elongate and extend around the inner distal angle and downward along 
the inner sides of the interarticular ligament fosse the vertical arm is much shorter 
than the horizontal. 

e’. The interarticular ligament fosse are large and rectangular, with their inner and 
outer sides parallel and (except just at the base) perpendicular to the transverse 
ridge and their distal sides parallel to the transverse ridge; the muscular fosse 
are very narrowly linear and scarcely evident___--------- Himeromeira martensi. 

ée. The interarticular ligament fosse are not rectangular, but their distal or inner 
borders, or both, are more or less convex, and their outer borders are more or less 
convergent; the muscular fosse are conspicuous, broadly linear, or of various 
shapes. 

7’. The distal border of the interarticular ligament fosse is horizontal, convex with 
the chord of the convexity horizontal, or slopes downward from the inner to the 
‘outer:-distal ‘angles 22s = 2 = See SS ee eee COMASTERID 2. 

g. The muscular and interarticular ligament fossze are nearly of the same size. 
Leptonemaster venustus. 
g°. The muscular fosse are much smaller than the interarticular ligament fosse. 
h*. The muscular fosse are triangular, with the inner apices of the triangles at 
the sides of the intermuscular notch. 
@. The dorsal ligament fosse are regularly semielliptical. 
Comatella nigra and C. stelligera. 
#. The dorsal ligament fossre have the proximal border strongly flattened. 
Capillaster multiradiata. 
’. The muscular fosse are more or less band-like with approximately parallel 
sides. 
i. The muscular fosse run rather strongly downward from their inner to their 
Outer Cd reshes See eR ae See See Peer eRe Comatula solaris. 
#. The muscular fosse are horizontal or convex with the chord of the convexity 
horizontal, 
j. The interartieular ligament fosse are as high as, or higher than, broad at 
their narrowest part. 
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k*. The muscular fosse extend inward for some distance around the inner 
distal angles of the interarticular ligament fosse and down along 
their inner borders. 

t. The outer portions of the interarticular ligament fosse are separated 
interiorly by a space approximately equal to their own width and 
the muscular fosse are very widely separated interiorly. 

Comaster fruticosus. 

[?. The outer portions of the interarticular ligament fosse are separated 
by a space equal to less than half their own width and the inner 
edges of the muscular fosse are almost in contact. 

Comatula pectinata. 

k*. The muscular fosse do not extend inward beyond the inner distal angles 
of the interarticular ligament fosse. 

tf. The inner borders of the interarticular ligament fosse are S-shaped, 
so that the space between them is broadest proximally becoming 
much narrower distally between their inner distal angles. 

Capillaster sentosa. 

?. The inner borders of the interarticular ligament fosse are approxi- 
mately parallel. 

m*. The distal portion of the outer borders of the interarticular liga- 
ment fosse is strongly coneave, so that the muscular fosse extend 
outward for some distance beyond them____-~_ Comatella maculata, 

m*, The outer borders of the interarticular ligament fosse are approxi- 

mately straight. 
mn’, The outer borders of the muscular fosse slant upward and out- 
ward, so that a more or less pointed distal outer angle results. 
Comatula micraster. 
n*. The outer borders of the muscular fosse are straight and per- 
pendicular to the transverse ridge, or evenly convex, the chord 

of the convexity being perpendicular to the transverse ridge. 
Comactinia echinoptera. 
j*. The interarticular ligament fosse are not so high as their minimum width. 
k*. Interarticular ligament fosse more than twice as broad as high. 

Nemaster discoidea. 

k?, Interarticular ligament fosse much less than twice as broad as high. 

F. The outer borders of the interarticular ligament fosse are markedly 
convergent, so that the articular faces of the radials beyond the 
transverse ridge are separated by a comparatively wide V-shaped 
Cape Be OL Oe FE IO EOS UGE Comaster parvus. 

F. The outer borders of the interarticular ligament fosse are more nearly 
parallel, so that the articular faces beyond the transverse ridge are 
separated by a vary narrow V, or by a parallel-sided furrow. 

m. The muscular fosse are slightly S-shaped, the inner half convex, 
the outer half concave and curving upward and outward. 

Nemaster rubiginosa, 

m. The muscular fosse are uniformly convex. 

nm. The muscular fosse are very strongly convex, the distal borders 
of the interarticular ligament fosse being very strongly bowed 
Cutward civ ie eel. ols No lode = se ea Comatula rotalaria. 
n*. The muscular fosse are only slightly convex, the distal borders of 
the interarticular ligament fosse being almost straight. 
Neocomatella pulchella. 
142140—21-—Bull. 82—— 7 
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f?. The distal borders of the interarticular ligament fosse slope downward and in- 
ward from the outer to the inner distal angles, or from the former to the rim 
about the central canal. 

g. The interarticular ligament fosse are triangular, their inner sides forming a 
straight line from the outer distal angle to the rim about the central canal. 

W*. The muscular fosse are very narrowly linear, forming narrow bands of uni- 

form width along the distal borders of the interarticular ligament fosse. 
Ptilometra miilleri. 

7. The muscular fosse are larger, triangular or trapezoidal. 

#. The outer borders of the interarticular ligament fosse are very strongly con- 
vergent, so that the distance across the distal border of the articular face 
is much less than half the length of the transverse ridge; the muscular 
foss are relatively high, their maximum (inner) height being twice their 

WAGt 2cfeesd beep tet ee afh ts es Pape ee ees 2 ope Colobometra discolor. 

i’. The outer sides of the interarticular ligament fosse are much less converg- 
ent, so that the distance across the distal border of the articular face is 
equal to three-quarters of the length of the transverse ridge; the muscular 
fossr are very low, their maximum (inner) height being much less than 
their ‘width... 2222 5. see eee Oligometra serripinna. 

g’. The interarticular ligament fosse are four sided, or have the distal border very 
broadly rounded; they are never triangular. 

IW’. The muscular fosse are broadly rounded distally and outwardly, tapering to a 
point inwardly and proximally; their border is everywhere evenly curved, 
its continuity not being interrupted by the interarticular ligament fossze. 

@. The intermuscular notch has parallel sides___-___-__ Amphimetra papuensis, 

i. The intermuscular notch is at least twice as broad proximally as distally. 

Heterometra philiberti. 

’, The muscular fosse# are narrow and more or less band-like; the distal edge 
of the interarticular ligament fosse always cuts away more or less of their 
proximal border. 

i. The intermuscular furrow is suddenly broadened out proximally just over 
the central canal, being constricted between the outer portions of the 
dorsal ligament fossie. 

j. The interarticular ligament fosse are unusually narrow, being more than 


twice as high as the minimum width_____-_-____ Heterometra reynaudii. 
j. The interarticular ligament fosse are much broader, being not more than 
half again as high as the minimum width____Craspedometra acuticirra. 


i. The sides of the intermuscular furrow are parallel, or diverge regularly 
from the base. 
j. The sides of the intermuscular furrow diverge rapidly from the base 

Out wardens) 2S ae Beet ob et eg Te ey So Lamprometra protectus. 

j. The sides of the intermuscular furrow are parallel. 
k*. The intermuscular furrow is broad, with a median carinate ridge. 
Mariametra subcarinata. 
k*, The intermuscular furrow is narrow, with no median ecarination. 

U. The distal borders of the interarticular ligament fosse are more or 
less regularly convex; the muscular fosse extend inward and down- 
ward so that their proximal apex is half way between the maximum 
height of the interarticular ligament fosse and the base of the 
imtéermusculari furrow. == esse ae By Amphimetra ensifer. 

P. The distal borders of the interarticular ligament fossze are flattened ; 
the inner ends of the muscular fosse do not pass beyond the inner 
distal angles of the interarticular ligament fosse. 
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@. The muscular fosse are at least as large as, and usually much larger than, the inter- 
articular ligament fossz. 
@. The total height of the articular fosse is much less than the length of the transverse 
ridge. 

é. The distal borders of the interarticular ligament fosse run in a broad curve from 
the distal border of the central canal outward and upward to the distal outer 
angles of the joint face; as the distal border of the joint face is only slightly con- 
cave the muscular fosse are highest interiorly and taper to a point resting on the 
outer distal angles of the interarticular ligament fosse. 

Comatilia iridometriformis. 

é. At least the distal half of the outer borders of the joint face is formed by the edges 
of the muscular fosse. 

f. The distal borders of the interarticular ligament fosse are more or less decurved 
in their outer halves or two-thirds, so that the muscular fosse are higher out- 
wardly than inwardly; there are no supplementary muscle plates or bosses in 
the inner proximal angles of the muscular fosse. j 

g. The muscular fosse are about twice as large as the interarticular ligament 
fosse; the distal borders of the interarticular ligament fosse are very 
strongly conyex; the proximal halves of the muscular fosse are separated 
interiorly by the distal portion of a broad elevated triangular structure of 
which the strongly convex base reaches nearly to the central eanal, and the 
distal halves by a narrow space with parallel sides__Thysanometra tenelloides. 

g. The muscular fosse are about the same size as the interarticular ligament 
foss; the distal borders of the interarticular ligament fosss are only slightly 
convex: the joint face elements are separated in the median line by a promi- 
ment furrow which is more or less constricted between the muscular fossze. 

Leptonemaster venustus. 

f. The distal borders of the interarticular ligament foss are straight and are usually 
directed more or less upward and outward so that the interarticular ligament 
fosse are triangular and the inner proximal angle of the muscular fosse is 
nearer the transverse ridge than the outer; a prominent supplementary muscle 
plate or rounded boss occupies the inner proximal angle of the muscular fossie. 

g. The distal borders of the muscular fosse are flattened and nearly parallel to 
the transverse ridge, or convex with the chord of the convexity parallel to the 
transverse ridge; a broadly rounded outer distal angle is always evident; the 


centrodorsal is well rounded in lateral view--_--~--~~--------------~- Antedon. 
2. The sides of the intermuscular furrow are parallel, or diverge slightly dis- 
tally. 


@. The outer distal angles of the muscular fosswe are very broadly rounded. 
Antedon petasus. 

?. The outer distal angles of the muscular fossie are less broadly rounded. 
Antedon bifida. 

??. The sides of the intermuscular furrow converge distally. 
@, Distal border of muscular foss:e strongly convex; distal border of inter 
articular ligament fosse nearly parallel to the transverse ridge. 

Antedon adriatica. 
7. Distal border of muscular fosse flattened; distal border of interarticular 
ligament fosse running upward and outward, making a considerable angle 
with the transverse ridge_-____--___--___________/ Antedon mediterranea. 
g?. The distal borders of the muscular foss are very broadly rounded without any 
indication of a distal outer angle, or slope downward and inward to the end of 
the intermuscular furrow; the centrodorsal is a short eylinder___Tropiometra. 
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h*. The proximal borders of the muscular fosse are parallel to the transverse 

ridge. 

#. The height of the interarticular ligament fosse is much less than half the 
distance from the middle to the ends of the transverse ridge. 

Tropiometra encrinus. 

?. The height of the interarticular ligament fosse is much more than half the 
distance from the middle to the ends of the transverse ridge. 

Tropiometra carinata, 

h?. The proximal borders of the muscular foss run upward and outward, making 
a considerable angle with the transverse ridge. 

i. The distal borders of the muscular fosse run parallel to the distal borders of 
the interarticular ligament fossre inward and downward from the distal 
outer angles; large supplementary muscle plates, in addition to bosses, 
are! presenta ied 32 2 hebts curt a soda eae Tropiometra macrodiscus. 

#. The distal borders of the muscular foss are very broadly rounded and show 
no relation to the distal borders of the interarticular ligament fosse; there 
are no supplementary muscle plates_______-__-________ Tropiometra picta. 

@. The total height of the articular fosse is nearly or quite as great as, or much greater 
than, the length of the transverse ridge. 

é. The outer borders of the muscular fosswe are straight or slightly concave and are at 
right angles to the transverse ridge and parallel to each other; the sides of the 
interarticular ligament fosse are strongly convergent. 

f’. The muscular foss are short, the distance from the outer angles of the inter- 
articular ligament fosse to the line parallel with the transverse ridge touching 
the most distal portion of the muscular fosse being no greater than the width. 

g. The intermuscular furrow is very broad with parallel sides; in the middle it 
bears ‘a conspicuous and high keel_____________________ Stylometra spinifera. 
g’. An intermuscular ridge instead of an intermuscular furrow is present. 

h*. At the inner proximal angles of the muscular fossm are prominent bosses and 
also large supplementary muscle plates; the outer distal angles of the mus- 
cular fosse are well rounded and the outer borders of the interarticular 
ligament fosse are concave and make a relatively large angle with the 
transverse ridge sei2et_ wales res ily Ben ce Pet ales Perometra diomedee. 

h*. No bosses or supplementary muscle plates are present; the outer distal angles 
of the muscular foss are relatively sharp; the outer borders of the inter- 
articular ligament fosse are straight and make a relatively small angle 
with the/transverse rid ge_%s bers oeyeiy peek ate ee Asterometra macropoda. 

f*7. The muscular fosse are longer, the height being greater than the width, 

g. The muscular fosse are very high, the maximum height being more than three 
timestithe. wid ths== — =. a ee a cS Parametra orion. 

g. The muscular fosse are lower, the maximum height being never but slightly 
greater than twice the width. 

h*. The distal border of the muscular fosse rises from the distal outer corners up- 
ward and inward to a rounded inner distal angle near the intermuscular 
notch. 

“@. The muscular fosse are narrow, about twice as high as wide, and are sep- 
arated by a very broad rounded intermuscular ridge; the interarticular 
ligament fosste are separated by a space equal to twice their width. 

Florometra perplexa. 

?. The muscular fosse are broud, much less than twice as high as wide, and are 
Separated by a very narrow intermuscular ridge; the interarticular 
ligament fosse are separated by a space approximately equal to their 
Own nwidths< <= S00... bebe se yah fe ewe 6 tee Florometra asperrima. 
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h?. The distal border of the muscular fosse is convex with the chord of the con- 
vexity parallel to the transverse ridge, or rises from the inner to the outer 
distal angles. 

i. The outer borders of the muscular fosse are straight; the centrodorsal bears 
a single row of cirrus sockets. 
j. The muscular fosse are separated interiorly by a narrow intermuscular 


Wid eit ls ese nee apes pee See S ee Ses nee Cyllometra albopurpured. 
7’, Ihe muscular fosse are separated interiorly by a broad intermuscular 
PTOOVE Ht ie eb enter Ae hy eaten tee Oyllometra disciformis. 


#. The outer borders of the muscular foss are more or less concave; the centro- 
dorsal bears regular columns of cirrus sockets, at least two to a column. 
j. The muscular fossee have the inner distal angle very broadly, and the 
outer distal angle very narrowly, rounded, and the outer borders rather 
strongly coneave; the centrodorsal bears the cirrus sockets in 15 
crowded? columns)i jlewin sf yeaa _ sei eer Thalassometra villosa. 
j?. The muscular fosse have the distal border evenly convex. 
i. The interior length of the muscular fosse is three times their width; 
the cirrus sockets are in 10 well spaced columns. 
Stiremetra breviradia. 
#2. The interior length of the muscular fosse is much less than three times 
their width; the cirrus sockets are in 10 columns which are separated 
byohighridgesst 2. — Santas see Stenometra quinquecostata. 
é. The outer borders of the muscular fosse are convex, more rarely nearly straight, and 
converge more or less, usually markedly, distally. 
fi. The inner sides of the interarticular ligament fosse are straight and run upward 
and outward at a relatively large angle with the transverse ridge so that the 
acute distal angle of the interarticular ligament fosse reaches a level at or be- 
yond the halfway point between the inner proximal and distal angles of the nar- 
row and usually more or less sharply triangular muscular fosse., 
CHARITOMETRIDZ. 
g. The outer borders of the interarticular ligament fosse are very strongly con- 
cave, so that the interarticular ligament fosse are separated by broadly len- 
ticular gaps interradially______----------------------- Crinometru concinna. 
g’. The outer borders of the interarticular ligament fosse are nearly or quite 
straight, so that the interarticular ligament fosse are separated by narrow 
furrows interradially. 
hi. Muscular fosse very narrow, about three times as long interiorly as broad. 
Pecilometra acela. 
h?. Muscular fosse wider, about twice as long interiorly as broad. 
#@. Outer border of muscular fosse longer than outer border of interarticular 
ligament fosse___.---------------------------- Pachylometra inequalis. 
#. Outer border of interarticular ligament fossze longer than outer border of 
muscular fossie. 
j. Lines of growth conspicuous____-—-------~------- Charitometra basicurva. 
j?. Lines of growth inconspicuous or obsolete___-- Perissometra angusticalyz. 
f. The distal outer angles of the interarticular ligament foss# are never so high above 
the transverse ridge as the halfway point between the proximal ends and the 
distal borders of the muscular fossa. 
g. The height of the articular faces is approximately equal to the length of the 
transverse ridges. 
72. The muscular and interarticular ligament fosse are about of the same Size. 
i. The outer border of the interarticular ligament and muscular fossz com- 
bined is evenly convex; the ridge forming the distal border of the inter- 
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articular ligament fosse does not reach the outer edge of the joint face; 

the inner halves of the free borders of the muscular fosse slope inward 

and downward at an angle of about 90° with each other, forming a broad 

right-angledi Motch’ ee Sth ses eee Erythrometra ruber. 

i?. The outer borders of the interarticular ligament and muscular fossxe form a 

discontinuous line which is almost straight but slightly indented at the 

junction of the fosse; the ridge forming the distal border of the inter- 

articular ligament fosse reaches the outer edge of the joint face; the 

distal borders of the muscular fosse are nearly straight and parallel with 

theidransverse ridge 1s! ares gee See es Sees ees Compsometra lovéni. 

}?, The muscular fossz are much larger than the interarticular ligament fosse. 

i, The outer borders of the interarticular ligament and muscular fosse form 

continuous straight lines and are nearly parallel; the distal borders of the 

muscular fosse are flattened and parallel to the transverse ridge; the 
intermuscular notch is small and shallow, well rounded proximally. 

Hypalometra defecta. 

i. The outer borders of the interarticular ligament and muscular fosse are 

discontinuous, both being strongly convex, or those of the muscular fossze 

strongly convex and those of the interarticular ligament fosse straight; 

the distal borders of the muscular fosse are strongly rounded; the inter- 

muscular notch is deep and sharply pointed proximally. 

j. The intermuscular septum is relatively broad and is expanded proxi- 
mally just over the central canal; the outer borders of the interarticular 
ligament foss# are straight; the muscular fosse are rounded triangular, 
their outer borders being more or less flattened and converging to the 
well-rounded distal angles_-_--_--_--------+--_ Thaumatometra tenuis. 

7’. The intermuscular septum is high and very narrow, and it is not expanded 
basally; the outer borders of the interarticular ligament fosse are 
strongly convex; the muscular fosse are much more broadly rounded, 
especially *idistallly=- 22 222s = abet a a ee i tee Pentametrocrinus. 

k*. The muscular fosse are very broad, the maximum width being more 
than three quarters of the maximum (inner) height; the outer bor- 
ders of the interarticular ligament fosse form a continuous curve 
with the border of the dorsal ligament fosse. 

Pentametrocrinus japonicus. 

k?. The muscular fosse are narrower, the maximum height being not much 
more than twice the maximum width; the maximum height of the 
convexity of the lateral borders of the interarticular ligament fosse 
extends to beyond the ends of the transverse ridge, which lie in a 
rounded coneavity between the borders of the interarticular and 
dorsal ligament fosss.—______ see st _tesc Pentametrocrinus semperi. 

g*. The height of the articular faces is much greater than the length of the trans- 

verse ridge. 
nh’. The muscular fosse are high and narrow, more than twice as long interiorly 
as their maximum width. 

@. The plane of the muscular fosse is almost parallel to the dorsoventral axis 

of the animal, while the plane of the interarticular ligament fosse makes 

a considerable angle with it, the latter therefore leaning inward at a 

greater angle than the former; the outer distal angle of the interarticular 

ligament fosse reaches a height equal to about one-third of the distance 

from the inner proximal to the inner distal angles of the muscular foss@; 

the centrodorsal is long, columnar, with the cirrus sockets in 5 pairs of 
regular columns which are separated by high ridges. 

Zenometra columnaris. 
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#. The muscular and interarticular ligament fosse lie in the same plane; the 
outer distal angles of the interarticular ligament fosse are at a height 
much less than one third of the distance between the inner proximal and 
distal angles of the muscular fosse; the centrodorsal is rounded, and the 
cirrus sockets are irregularly placed; the radial areas are not differ- 
entiated. 

j. The distance from the proximal border of the transverse ridge to the 
proximal border of the dorsal ligament fossa is about equal to one- 
third of the distance from the former to the distal border of the mus- 
@ulan foss&sse. end eel pe gad sewn ole te Coccometra hagenii. 

j. The distance from the proximal border of the transverse ridge to the 
proximal border of the dorsal ligament fossa is much less than one-third 
the distance from the former to the distal border of the muscular fosse. 

Leptometra, 
h?. The muscular fosse are lower and broader, usually much less than twice as 
high as the maximum width. 

@. The distal borders of the interarticular ligament fosse are straight and 
parallel to,the transverse ridge____-_________-___ Solanometra antarctica, 

#, The distal borders of the interarticular ligament fosse are directed more or 
less upward and outward. 

7. The ridge forming the distal border of the interarticular ligament fosse 
does not reach the outer border of the joint face, which makes an un- 
interrupted curve. 

i?, The distal borders of the interarticular ligament fosse make an angle 
of about 60° with the transverse ridge; the tips of the muscular fosse 
arerabruptly SwOlene asses =e ee Nanometra bowersi. 

k*. The distal borders of the interarticular ligament fosss make an angle of 
about 30° with the transverse ridge; the tips of the muscular fosse 
ATE MOt ADLUPLYoSWOUAN ne OE Hathrometra proliza. 

j?, The ridge forming the distal border of the interarticular ligament fossve 
reaches the outer border of the joint face where it causes an interrup- 
tion of the continuity, 

i*. The outer portion of the muscular fosse is constricted. 

Trichometra cubensis. 

k*. The outer border of the muscular fosse is regularly convex. 

PE. eTenseradial soso ee ee Promachocrinus kerguelensis. 
?. Five radials. 

ne. The muscular fossse are very broad and broadly rounded, rounded 
trapezoidal in shape; their planes make a relatively small angle 
with the dorsoventral axis so that the central space between the 
radials is very large, the diameter of the circle delimited by the 
ends of the muscular fossie being nearly one-half the diameter of 
They raC Mile pent son asa ee a Psathyrometra fragilis. 
m?. The muscular fosse are narrower and less broadly rounded, 
rounded triangular in shape; their planes make a larger angle with 
the dorsoventral axis so that the diameter of the circle delimited 
by the ends of the muscular fosse is neyer more than one-third 

the diameter of the radial pentagon and is usually much less. 
n. The diameter of the circle delimited by the distal ends of the 
muscular fosse is about one-third that of the radial pentagon. 
Heliometra glacialis. 
n?. The diameter of the circle delimited by the distal ends of the 
muscular fosse is about one-fifth that of the radial pentagon. 
Hathrometra tenella. 
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POST-RADIAL ELEMENTS. 


General features. 


Following the radials there is in all recent crinoids a regularly linear series of 
ossicles which usually forks, giving rise to two similar series, on the second (figs. 
183-185, pp. 98-102) ; each of these secondary series may again fork, giving rise to 
four similar series (figs. 181, 186, pp. 94, 104), and the process may be repeated, in 
extreme cases, as many as eight or nine times (figs. 180, 188, 194, pp. 92, 108, 120). 

The number of the arms has always been used as a basic character for the 
differentiation of the comatulid species since the days of Linck and Seba. P. H. 
Carpenter in his monograph divided his “ series ” of “Amtedon” and “Actinometra” 
into various groups according to the number of arms and the number of ossicles 
found in the division series. He believed that there was a definite line of demarka- 
tion between species with 10 arms and those with more than 10, and between species 
with the IIBr series of two elements and those with the I1Br series of four. He 
was forced to admit, however, the existence of several species which fell into two, 
or even three, of his groups through being both 10-armed and multibrachiate, and 
through having the IIBr series sometimes of two and sometimes of four ossicles. 
In regard to the number of the component ossicles of the IIBr series he admitted 
a certain amount of variability, but placed the species in one group or in another 
on the basis of a majority of their series. This procedure resulted in the inclusion 
of Comanthus parvicirra (under different names) both in the “Valida group” and 
in the “ Parvicirra group” of “Actinometra.” 

The availability of the number of arms and of the number of the ossicles in the 
division series for systematic purposes varies very greatly in the different groups. 
Speaking broadly, the number of arms may be said to be a systematic index of 
prime importance, but at the same time one which must be used with considerable 
caution. 

In the Comasteride (figs. 180-188, pp. 92-108) the number of arms is, as a 
rule, perfectly true to species within relatively narrow limits and, taken in connec- 
tion in multibrachiate genera with the second, or third, division series, furnishes the 
most obvious differential criterion, and one that may be used with perfect confi- 
dence; for no comasterid is known which is both 10-armed and multibrachiate, 
and no comasterid has ever been found which is variable in both the second and 
third division series, though many are more or less variable in one or the other. 

Even more fixed are the number of arms and the types of division series in 
the species of Himerometride (figs. 123, 141, 192, 193, pp. 79, 83, 115, 117), Ste- 
phanometride (figs. 125, 130, p. 79), Mariametride (figs. 194-198, pp- 120-127), and 
Colobometride, and in most of those of the Zygometride (figs. 127, 136, 143, 189- 
191, pp. 79, 82, 109-112), furnishing, so far as they go, the best systematic characters 
to be found; but their availability here is restricted by the relatively slight vari- 
ability within each family. 

Practically the same is true in the Calometride (figs. 200-202, pp. 130-134), but 
in one of the genera of this family (¢( ‘alometra) species occur which are both 10- 
armed and multibrachiate. 





Fries. 116-138.—ProxIMaL PorRTION OF PoST-RADIAL SERIES OF VARIOUS COMATULIDS. 116. IBR SERIES AND 
PROXIMAL BRACHIALS OF TROPIOMETRA APRA. 117. RADIALS, 1BR SBRIES AND FIRST TWO BRACHIALS OF 
PSATHYROMETRA ERYTHRIZON. 118. IBR SPRIES AND LOWER BRACHIALS OF PQ@SCILOMETRA SCALARIS. 119. 
RaDIALs, IBR SERIHS AND LOWER BRACHIALS OF PEROMETRA DIOMEDE®. 120, DIVISION SERIUS OF COMAN- 
THUS TRICHOPTERA. 121. RADIAL AND DIVISION SERIES OF COMATULA ROTALARIA, 122. RADIAL, DIVISION 
SERIES AND LOWER BRACHIALS OF CENOMETRA UNICORNIS. 123, IBR AXILLARY, DIVISION SERIES AND LOWER 
BRACHIALS OF HIMEROMETRA MARTENSI. 124. RADIAL, DIVISION SERIES AND LOWER BRACHIALS OF STYLO 
METRA SPINIFERA. 125. DIVISION SERIES AND LOWER BRACHIALS OF STEPHANOMETRA ECHINUS. 126. 
CENTRODORSAL AND ARM BASD OF PENTAMETROCRINUS TUBERCULAIUS. 127. CENTRODORSAL AND PROXIMAL 
PORTION OF AN ARM OF EUDIOCRINUS VARIEGATUS. 128, CENTRODORSAL AND PROXIMAL PORTION OF AN ARM 
PAIR OF THAUMATOMETRA TENUIS. 129. RADIAL, DIVISION SERIES AND ARM BASES OF MARIAMETRA MAR- 
GARITIFERA, 130, RADIAL, DIVISION SERIES AND ARM BASBS OF STEPHANOMETRA MONACANTHA. 131. 
PROXIMAL PORTION OF CENTRODORSAL, IBR SERIES AND PROXIMAL PORTION OF AN ARM PAIR OF FLORO- 
METRA PERPLEXA SHOWING, ON THE LEFT ARM BRANCH, AN ADDITIONAL FIRST BRACHIAL PAIR OF WHICH THE 
DISTAL ELEMENT IS NOT AXILLARY. 152. IBR SERIES AND FIRST TWO BRACHIALS OF, P@CILOMETRA 
SCALARIS, SHOWING AN ADDITIONAL ELEMENT INSPRTED BETWEEN THE IBR; AND IBRz. 133. IBR AXILLARY, 
DIVISION SERIES AND PROXIMAL BRACHIALS OF A SPECIMEN OF COMANTHUS PARVICIRRA. 134. IBR AXILLARY, 
DIVISION SERIES AND PROXIMAL BRACHIALS OF ENDOXOCRINUS PARR®. 135. RADIAL, DIVISION SERIES 
AND PROXIMAL BRACHIALS OF COMASTER PARVUS, 136. RADIAL, DIVISION SERIES AND PROXIMAL BRACHIALS 
OF ZYGOMETRA MICRODISCUS. 137. RADIAL, DIVISION SERIBS AND PROXIMAL BRACHIALS OF COMANTHERIA 
POLYCNEMIS. 138. DIVISION SERIES AND PROXIMAL BRACHIALS OF COMANTHINA SCHLEGELII. 
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It is in the families Thalassometride and Charitometride that we find the 
greatest variability in the number of arms between the component genera, and 
apparently also in the different species. 

In the family Thalassometride (figs. 124, 145, 165, 203-225, pp. 79, 83, 86, 139— 
179) the species of the genera A glaometra (fig. 225, p. 179) and Stiremetra have 10 
arms only, those of the genera Asterometra (fig. 209, p. 149), Thalassometra (figs. 
293, 224, pp. 175-177), Daidalometra (fig. 212, p. 153), and Parametra (figs. 217, 
218, pp. 163-164), 10 or more, and those of the genera Péilometra (fig. 204, p. 139, 
and pl. 53, fig. 1346), Pterometra (fig. 208, p. 137), Horwometra, Oceanometra (figs. 
145, 220-222, pp. 83, 168-173), Stylometra (fig. 219, p. 166, and pl. 53, fig. 1845), 
Lissometra (fig. 216, p. 161), Crotalometra (fig. 210, p. 150), and Cosmiometra (figs. 
213-215, pp. 155-159), always more than 10, ranging from fewer than 15 in Lisso- 
metra to between 20 and 30 in Oceanometru and Stylometra. The division series, 
however, are always all of two ossicles except in the species of 7 halassometra and of 
the closely related Oceanometra, where the I1Br series are usually, though not 
always, of four. As the species of 7halassometra may have 10 or more arms it 
happens that single species are found to be represented by individuals which fall 
into three of Carpenter’s groups, the “ Basicurva group,” the “ Spinifera group,” 
and the “ Granulifera group.” 

In the Charitometride (figs. 122, 198, 199, pp. 79, 127, 129) the species of the 
genera Strotometra (figs. 230-232, pp. 188-192), Pacilometra (fig. 229, p. 186), 
Charitometra, Chondrometra (part 1, fig. 99, p. 160), and Calyptometra (fig. 676, 
p- 388, and pl. 54, fig. 1847) have 10 arms only, those of the genera Perissometra (fig. 
227, p. 182, fig. 658, p. 329, and fig. 670, p. 335) and CAlorometra (fig. 228, p. 184) 10 
or more, and those of the genera Crinometra (figs. 678-683, p. 338), Crossometra 
(figs. 226, p. 180, and 673, 675, p. 335), Monachometra, and Pachylometra (figs. 671, 
672, p. 335) always more than 10, in the case of Crossometra from 26 to 33; in this 
family the II Br series, when present, are rarely 2, being almost invariably 4(3+-4), 
at least in the majority of cases. 

With only two exceptions, outside of occasional sporadic instances, the post- 
radial series of the species belonging to the Macrophreata divide once or, more 
rarely, not at all, so that the great majority of the forms in this group have 10 
arms, two arising from each radial; a few 5 arms, one being borne by each 
radial; a few 10 arms, one on each of 10 radials; and one 20 arms, two arising 
from each of 10 radials. 

Perometra afra, of the subfamily Perometrine, has from 11 to 14 arms with 
all the division series 2, and the only known specimen of Adelometra angustiradia, 
belonging in the subfamily Zenometrine, has 13 arms with the three IIBr series 
present 4, 4(3-+-4) and 2. 

In Antedon bifida several specimens with more than 10 arms have been re- 
ported, most of these having 11, and one of them 12. The IIBr series are usually 
2, but occasionally 4(8-+4). j 

Tn one macrophreate family, the Pentametrocrinide (figs. 126, p. 79, and 1016, 
pl. 6), division series are not developed at all, so that the arms are undivided, 
5 or 10 in number according to the number of the radials. These undivided arms 
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have nothing in common with the undivided arms in the zygometrid genus 
Eudiocrinus, in which IBr series are present as usual, although the second seg- 
ment is not axillary. 

In the Macrophreata there are two instances of a curious and interesting 
condition which occur in two widely different groups. Promachocrinus, belong- 
ing to the Heliometrine, and Vhaumatocrinus (part 1, figs. 113, 114, p. 181), 
belonging to the Pentametrocrinide, have each 10 radials and consequently 10 
post-radial series, resulting in 20 arms in the former and 10 in the latter. 

It would seem that this 10-rayed condition is unstable, for several specimens 
of a species of 7hawmatocrinus which I have examined have one or more of the 
interradial arms absent, a large interradial occupying the position of the normal 
interradial radial, and of the specimens of Promachocrinus kerguelensis brought 
home by the Gauss no less than 56 per cent had less than 10 rays, most of them 
having 6 only and one haying 5; but no mature specimens of this species have 
ever been found with less than 10 rays, and the normal pentacrinoids appear to 
acquire all five additional rays practically simultaneously. 

The pentacrinoids of Promachocrinus kerquelensis (figs. 881-937, pp. 533-549) 
resemble those of related species until a considerable size is reached, when five 
interradials alternating with the five primary radials make their appearance. 
These rapidly increase in size and give rise to postradial series in exactly the same 
way as the original radials; but it is not until almost the full size has been reached 
that both radial and interradial radials and arms become of the same size and 
indistinguishable. 

Apparently the increase in the number of radials and arms in Thaumato- 
erinus takes place exactly as in Promachocrinus; and the process described and 
figured by P. H. Carpenter on the posterior interradial of the young of Thawmato- 
erinus renovatus is undoubtedly merely the rudiment of the posterior interradial 
arm. 

The so-called interradial radials arising between the primary radials are 
therefore situated exactly over the basals and are truly interradial in position. 

The interradial radials are apparently connected with the radials to their 
right as viewed from the center of the disk; their skeleton is entirely independent 
of that of the radial radials on either side, but the ambulacral grooves and asso- 
ciated ventral structures are derived as offshoots from those running to the radial 
radials to the right. In the case of 6-rayed individuals, therefore, the additional 
ray is inserted behind the left posterior normal ray, just as in the case of the 
6-rayed specimens of Tropiometra picta to be later described (p. 82). 

Although in Promachocrinus and in Thaumatocrinus there are 10 radials 
and postradial series, the basals and infrabasals and the rays of the basal star 
remain 5 in number. 

TI once dredged a specimen of Heliometra maxima with 12 arms (fig. 164, p. 86, 
and pl. 54, fig. 1348), two postradial series arising from a partially divided radial, 
and P. H. Carpenter has recorded a specimen of Veocomatella pulchella in which 
there were six postradial series, two of them originating on an enlarged and axillary 
radial. These may represent a step toward the conditions found in Proma- 
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chocrinus and Thawmatocrinus, though it is more probable that they are merely 
cases of the radial assuming the characteristics of its subsequent reduplications, 
the axillaries. 

It occasionally, though rarely, happens that individuals occur with six radials 
and six postradial series. Such cases are usually sporadic, and instances have been 
recorded in a number of widely separated groups. 

Among 340 specimens of Zropiometra picta from Rio de Janeiro which I 
examined at the Museum of Comparative Zoélogy at Cambridge, Massachusetts, no 
less than 17, or 6 per cent, were 6-rayed, though among the hundreds of specimens 
of other species of this genus which I have studied I never found one with more 
than five rays. 

These 6-rayed specimens are all but one of comparatively small size, the 
diameter across the outstretched arms being between 100 mm. and 120 mm., the 
exception having an expanse of 190 mm. and being the only one sexually mature; 
normal specimens of this species average between 230 mm. and 270 mm. in expanse. 

An examination of the disks of 12 of the specimens (figs. 729-7383, p. 346) 
shows that in three cases it is quite impossible to determine which is the extra 
ray, as there are six ambulacral groove trunks converging toward the mouth all 
exactly alike; one specimen has the interpolated ray between the two on the left 
side, one has it behind the right posterior, while seven have the extra ray inserted 
behind the left posterior. 

In the Challenger report P. H. Carpenter mentions a small dry 6-rayed 
“ Antedon” in the collection of the British Museum. Suspecting that it was prob- 
ably an example of this species, and also that it came from Brazil, I wrote to Prof. 
F. J. Bell for information concerning it. He very kindly replied that it was, as 
I had surmised, a Tropiometra, but that there was no record of the locality whence 
it had come. 

These 6-rayed specimens of 7ropiometra picta are 6-rayed throughout, possess- 
ing a 6-rayed rosette and basal star (part 1, fig. 480, p. 363), in contrast to the 
conditions found in Promachocrinus and in Thawmatocrinus, where the rosette 
and the basal star are both 5-rayed. 

Tropiometra picta is an extraordinarily variable form, its peculiarities being 
such as to suggest that the very large proportion of 6-rayed individuals is not 
an inherent character of the species but is merely on a par with the relative number 
of individuals aberrant in other equally noteworthy ways. 

Among the recent stalked crinoids the two species of the genus Rhizocrinus, 
Rh. lofotensis and Rh. verrilli, are very variable in the number of their rays. 
Among 75 specimens of Fh. lofotensis, Sars found found 48 with 5 rays, 15 with 
4 rays, 15 with 6 rays, and 2 with 7 rays. In the related genus Monachocrinus 
(fig. 179, p. 91, and part 1, fig. 122, p. 203) one species I. sewradiatus (fig. 179, 
p- 91), is only known with six rays, but of the species in the other living genera 
of Bourgueticrinide, Bathycrinus, Ilycrinus, Bythocrinus (part 1, fig. 131, p. 203), 
and Democrinus (part 1, fig. 133, p. 203), all appear to be 5-rayed without any 
deviation, specific or individual. In Monachocrinus sexradiatus the basals are five 
in number. In the two species of Rhizocrinus it has never been determined 





Fics, 139-162.—PROxIMAL PORTION OF POST-RADIAL SERIES OF VARIOUS COMATULIDS. 139. RADIAL, 


DIVISION SERIBS AND ARM BASES OF PONTIOMETRA ANDERSONI. 140. SAME, WITH HOMOLOGIES OF 
OSSICLES INDICATED. 141. DIVISION SERINS AND PROXIMAL BRACHIALS OF CRASPEDOMETRA ACUTI- 
CIRRA. 142. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED. 1438. DIVISION SERIES AND ARM 
BASES OF ZYGOMETRA COMATA. 144. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED. 145. RADIAL, 
DIVISION SERIBS AND PROXIMAL BRACHIALS OF OCEANOMEITRA GIGANTEA, 146. SAME, WITH HOMOLOGIBS 
OF OSSICLES INDICATED. 147. PLATES OF BASE AND OF POST-RADIAL SERIES OF UINTACRINUS SOCIALIS, 
WITH HOMOLOGINS INDICATED (ADAPTED FROM SPRINGHR). 148. DIVISION SERIES AND ARM BASES 
OF COMASTER NOVHGUINED. 149. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED. 150, DIVISION 
SPRIES AND ARM BASDS OF ANOTHER SPECIMEN OF COMASTER NOVZGUINEA. 151. SAM», WITH 
HOMOLOGIES OF OSSICLES INDICATED. 152. DIVISION SERIES AND ARM BASES OF COMATBLLA MACULATA, 
153. SAMD, WITH HOMOLOGIES OF OSSICLES INDICATED. 154. DIVISION SERIES AND ARM BASES OF 
COMATELLA STELLIGERA. 155. SAME, WITH HOMOLOGIES OF THE OSSICLES INDICATED. 156. DIVISION 
SERIES AND ARM BASES OF COMATELLA NIGRA, 157. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED. 
158. DIVISION SERIES AND ARM BASES OF CAPILLASTER SENTOSA. 159. SAME, WITH HOMOLOGIES OF 
OSSICLES INDICATED. 160. DIVISION SERIES AND ARM BASES OF ISOCRINUS DECORUS, WITH HOMOLOGIES 
OF OSSICLES INDICATED. 161. DIVISION SERIES AND ARM BASES OF MBTACRINUS ACUTUS. 162. SAMB, 
WITH HOMOLOGIES OF OSSICLES INDICATED. 
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whether there are always five basals, or whether the basals agree in number with 
the radials. 

Among the remaining recent stalked crinoids specimens with more than five 
rays are practically unknown, though I have at hand an example of Metacrinus 
rotundus with eight rays and six basals. 

A number of 4-rayed specimens have been reported in widely separated coma- 
tulid groups. There is no suggestion that their occurrence is anything but for- 
tuitous. In all eases where the missing ray has been identified it is the anterior. 

Only in the littoral fauna of the warm seas do highly multibrachiate species 
with more than 40 arms occur, and the great majority of all the species with 
more than 10 arms are found only in tropical and subtropical regions within 
100 fathoms of the surface. A number of the genera characteristic of intermediate 
depths in water of moderate temperatures belonging to the families Calometride, 
Thalassometride, and Charitometride include species with between 15 and 30 arms; 
but in the deep-sea and in cold water species with more than 10 arms are very rare, 
and specimens with from 11 to 13 arms are usually variants of normally 10-armed 
types. 

Since the periphery of the disk always reaches the level of the second 
brachials of the free undivided arms, it is evident that, as the elements of the 
division series are always of approximately the same relative size, the number 
of arms is more or less strictly proportionate to the volume of the visceral mass, 
and the larger the visceral mass proportionately, the greater the number of arms. 
Furthermore, a very large number of arms is usually correlated with additional 
coils in the digestive tube. But since the length of the individual arms decreases 
proportionately to the number of arms present, due to a reduction both in the 
number and in the length of the component brachials, the food-collecting surface 
in 10-armed and in multibrachiate types of the same actual size can not be greatly 
different. 

An obvious advantage of the multibrachiate condition for such species as 
inhabit the tropical littoral is that in case of accident from storms or other causes 
resulting in the loss of arms much less damage proportionately would be done than 
in the case of 10-armed forms, for in one of the latter the loss of a single arm 
would decrease the food-collecting ability 10 per cent, while with a species with 150 
arms 15 arms would have to be lost to cause a comparable amount of injury; and 
since the arms of the 10-armed types are relatively much longer than those of the 
multibrachiate forms, the lesser radius of the latter enables them to escape many 
blows which would injure the former. 

It is probably that the multibrachiate condition owes its origin or its per- 
petuation to some factor in the ecology of the tropical littoral comatulids which 
does not in like degree affect those living in deep or cold waters, and this factor 
very possibly has to do it with an excess of vegetable plankton and silt in the food 
which would require for its assimilation an enlarged digestive system, necessitating 
an enlarged visceral mass. 

The solubility of calcium carbonate (CaCO,), of which the skeletons of the 
erinoids are chiefly composed, increases with the decrease in the temperature of 
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the water. It is because of this that lime-depositing organisms are more abundant 
in the warmer than in the colder waters, and that the lime deposited by organisms 
in the warmer regions is incomparably in excess of that laid down in colder. 

Promachocrinus and Thaumatocrinus both inhabit water which is cold, abnor- 
mally cold for species of their respective groups, yet abounding in available food, 
and it may be that, through the relative difficulty in extracting the necessary 
lime from solution in the regions where they live, the formation of the skeleton 
can not keep pace with the growth of the visceral mass, this tending to render 
more difficult the closure of the radial circlet and permitting, or even inducing, 
the formation of the interradials upon which the interradial postradial series 
eventually are formed. It is worthy of note in this connection that the related 
genera Solanometra and Anthometra which occur with Promachocrinus, as well 
as other unrelated genera, exhibit marked features which may be logically 
attributed to cold. In Solanometra all the skeletal elements are abnormally short, 
just as in many other species occurring in water abnormally cold for their groups, 
in Comatulella brachiolata (part 1, fig. 77, p. 130, and pl. 50, fig. 1332) and in 
Antedon petasus (part 1, fig. 108, p. 165; compare with figs. 105, p. 169, and 106, 
p. 171), for example, and in Anthometra the radials and postradial series remain 
spinous and carinate, never assuming the mature smooth form. Florometra comes 
nearest to the normal type from which Promachocrinus, Solanometra, and An- 
thometra are derivatives. 

The number of postradial ossicles or brachials in each linear series beyond the 
outermost axillary is usually from 150 to 180, though in certain genera, such for 
instance as Asterometra (figs. 206, 207, 209, pp. 148, 145, 149, and part 1, fig. 94, p. 
155) and Ptilometra (fig. 204, p. 139, pl. 53, fig. 1846, and part 1, fig. 93, p. 153), 
there may be as few as 70, and in certain others, such as Heliometra (fig. 233, p. 193), 
Florometra, and the larger comasterids as many as 270, or even nearly 300. In 
the fossil Uintacrinus, which has excessively elongated arms, the number is vastly 
ereater. P. H. Carpenter counted 140 in an arm of Antedon bifida 4 inches long. 

The shape of the brachials, as seen in a dorsal view, varies from triangular 
with the length equal to the width through wedge-shaped to oblong with a width 
of many times the length, or with a length of many times the width and more 
or less strongly incurved sides. 

The first syzygial pair, composed of the third and fourth brachials, is ordi- 
narily rectangular; occasionally, however, it is more or less wedge shaped and, 
when this is the case, the inner side is longer than the outer. Only in rare 
instances, as in Atelecrinus (part 1, figs. 123, p. 192, and 124, 125, p. 193), is the 
additional inner length distributed equally on the hypozygal and on the epizygal. 
Usually it is confined mostly, or even entirely, to the epizygal, which becomes 
very obliquely wedge shaped or triangular, the hypozygal remaining nearly or 
quite oblong. 

Typically in 10-armed forms the anterior sides of the axillaries are slightly 
concave and the two chords of these concave sides meet at the anterior angle in 
such a way that this measures about 90°. In certain cases, usually correlated with 
a similar production of the interradial angles of the radials, the anterior angle 
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Fics. 163-172.—FicurHS ILLUSTRATING ARM STRUCTURH OF COMATULIDS. 163. DoRSAL VInWw OF 
SPECIMEN OF COMATULA PECTINATA FROM SINGAPORE, SHOWING DIFFERPNCE IN LENGTH OF THB ARMS. 
164, CHNTRODORSAL AND ARM BASES OF SPECIMPN OF HELIOMETRA MAXIMA WITH TWBELVB ARMS. 
165. RADIAL, DIVISION SERIES AND ARM BASES OF PTILOMBETRA MULLDRI. 166. SAME, WITH HOMOLOGIDS 
OF OSSICLES SHOWN. 167. IBR SERIES AND PROXIMAL BRACHIALS OF TROPIOMETRA AFRA, WITH 
HOMOLOGIES OF OSSICLES INDICATED (SEE FIG. 116). 168. PROXIMAL PORTION OF AN ARM PAIR OF 
HYPALOCRINUS NARESIANUS, WITH HOMOLOGIES OF OSSICLES INDICATED. 169. IBR AXILLARY, DIVISION 
SERIDS AND PROXIMAL PRACHIALS OF COMANTHHRIA ALTERNANS. 170. SAME, WITH HOMOLOGINS OF 
OSSICLES INDICATED. 171. RADIAL, DIVISION SERIES AND PROXIMAL BRACHIALS OF COMANTHUS BEN- 

172. SAME, WITH HOMOLOGIES OF OSSICLES INDICATED, 
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may be narrowly produced, so that lines drawn from its tip to the outer ends of 
the anterior sides of the axillary make considerably less than a right angle with 
each other. Increase in the breadth of the arm bases, because of the slight curva- 
ture of the anterior sides of the axillary, always broadens out the anterior angle, 
which may become broadly obtuse and, through the gradual approximation of 
the distal articular faces of the axillary and those of the first postaxillary ossicles, 
may come to have nearly or quite straight sides- When there are several axillaries 
in a single postradial series the anterior angle becomes progressively more and 
more acute from the proximal outward. 

In four comatulid genera, Hudiocrinus (figs. 189-191, pp. 109-112), Thau- 
matocrinus (part 1, figs. 113, 114, p. 181), Pentametrocrinus (part 1, figs. 119, p. 
185; 120, p. 187; and 121, p. 189), and Atopocrinus, the arms do not divide at all. 
In the majority of cases there is a single division, which is invariably on the second 
brachial; if subsequent divisions occur they consist normally always of two or four 
ossicles, excepting only in the genera Capillaster and Nemaster (figs. 180-182, 
pp. 92-96), in which in the third and following divisions the first element in the 
series of four is absent. 

In the multibrachiate species the amount of division of the series of ossicles 
following each of the five radials is as a rule approximately the same, especially if 
the divisions be numerous; thus if a specimen of Comaster noveguinee be found to 
have eight division series following one radial, it will be found to have eight fol- 
lowing the other four also; or if an example of Mariametra subcarinata be found 
to have three division series following one of the radials, it will have three follow- 
ing all the others. Also it is generally true that both derivatives of the first 
division series and all the branches arising from them or their successors divide 
exactly the same number of times, or, if the number of divisions be exceptionally 
large, approximately the same number of times. 

Among certain species there is a tendency for each postradial series, after 
dividing once, to divide a second time, but only on one side. When perfectly de- 
veloped this method of division would result in the formation of 15 arms, 3 borne 
upon each radial; but it is seldom that all of the postradial series are equally de- 
veloped. In Comatula, Neocomatella, Capillaster, Nemaster, Catoptometra, Cras- 
pedometra, Heterometra, and especially in Ptilometra, Asterometra, T halassometra, 
Parametra, Glyptometra, Chlorometra, Perissometra, and Pachylometra, there are 
species which when adult may have anywhere from 10 to 15 arms, the second divi- 
sion series being developed on only one side of from one to all five of the first 
division series. This condition has also been noted in Antedon bifida and in T'ropio- 
metra picta. I have been unable to find any definite sequence in the place of ap- 
pearance of these additional arms. In some of these species the number of arms 
frequently rises above 20, in which case we usually find that the second division 
series are developed one to each postradial series until the number of arms rises to 
15, when the remaining second division series one by one appear, the whole series 
of the second division being completed before the appearance of any of the divisions 
of the third series. 

142140—21—Bull. 82 
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In many species of Heterometre, in Craspedometra acuticirra, and in Stephano- 
metra tenuipinna the adults are often exceedingly variable in regard to the disposi- 
tion of their division series beyond the first; whereas one or more of the postradial 
series may divide as many as four times, others may divide only once, so that, while 
one or two radials may support from 4 to 8 or even 10 arms, the others may bear 
no more than 2. I have endeavored to trace out the radials in which this excess 
of vegetative power is most developed, and for this purpose have gathered data 
from scores of specimens; but an examination of the data taken from endocyclic 
species shows that excess of vegetative power may be displayed by any one of the 
radials indiscriminately, though there is some indication that if one postradial 
series divides an abnormal number of times its fellow is likely to be similarly 
modified. Bateson’s specimen of Antedon bifida with palmate arms is an interest- 
ing example of this. In Comanthus parvicirra P. H. Carpenter has found that when 
the arm division is unequal it is usually carried farther on the so-called posterior 
radii, C, D, and E, than on the anterior radii, A and B; and this appears to be a 
more or less general rule throughout the Comasteride. 

In many species of the genera Craspedometra, Heterometra, T halassometra, 
Perissometra, Pachylometra, and Crinometra, in Zygometra comata and Stylometra 
spinifera, and more rarely and irregularly in certain species of Comanthus and 
Capillaster, there is ordinarily a third division series developed on the inner branch 
of each of the second division series, the counterpart of which is absent from the 
outer (fig. 226, p. 180). Excepting only in Stylometra spinifera (fig. 219, p. 166) 
this condition is only found in species which have the second division series con- 
sisting of four ossicles, and the added division series is always of two ossicles. In 
species in which this arrangement is the rule there are occasionally developed, ex- 
cepting in Stylometra spinifera, external third division series, these usually con- 
sisting of four ossicles like the second division series instead of being composed of 
two like the internal. In the species of the genus Himerometra (fig. 123, p. 79), 
which have very numerous arms, but which belong to a family in which the ma- 
jority of the species typically have 30 arms as a result of each postradial series 
dividing three times internally and twice externally, this peculiar arrangement has 
become fixed. All of the third division series are always present, but the two 
internal are almost invariably 2, the two external always 4 (8-++4). There are com- 
monly one or two division series present beyond the third, and it is interesting to 
note that, in spite of the great number of arms, the family character shows itself in 
the almost invariable occurrence of one more division series on the innermost 
branch from each of the second division series than is found on any of the other 
branches. The many-armed species of Zygometra (fig. 136, p. 79) hold the same 
relation to Z. comata (fig. 143, p. 83) that Himerometra does to Craspedometra and 
Heterometra, although usually it is not quite so easily seen; but it is curious that 
nothing of the kind is observed in the closely allied Catoptometra. 

In Comatella (figs. 154, 156, p. 83), Cenometra (fig. 122, p. 79), Cyllometra, 
Ptilometra (figs. 165, 204, p. 86), Pterometra (figs. 203, 208, pp. 137, 146), Astero- 
metra, Stephanometra (figs. 125, 130, p. 79), Pontiometra, Dichrometra, Lampro- 
metra, Mariametra, Parametra, and Cosmiometra (fig. 214, p. 157), and in several 
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of the genera of the Calometride, one, or even two or three, more division series 
are developed externally than internally. This arrangement is rather more stable 
in the species in which it occurs than that just discussed, and is definitely char- 
acteristic of many forms, while very frequent in others. The additional external 





ies. 173-178.—FIGURES ILLUSTRATING ARM STRUCTURB OF COMATULIDS, 173. DISTAL ARM DIVISION IN 
SPECIMEN OF TROPIOMETRA PICTA FROM RIO DE JANEIRO (DRAWING BY AUTHOR). 174, DIAGRAM ILLUS- 
TRATING HOMOLOGIES OF POST-RADIAL OSSICLES IN GHENUS COMATELLA, 175. LONGITUDINAL SECTION 
THROUGH DIVISION SERIES AND BASB OF ARM IN HIMEROMETRA MARTENSI. 176, SINGLE ARM PAIR OF A 
10-ARMED COMATULID. 177. BASH OF POST-RADJAL SERIKS OF A 20-ARMED COMATULID SHOWING, HBAVILY 
OUTLINED, OSSICLPS HOMOLOGIES WITH THOSE OF A 10-ARMED SPECIES. 178. BASE OF POST-RADIAL SERIES 
OF A 30-ARMED COMATULID SHOWING, HBAVILY OUTLINED, OSSICLES HOMOLOGOUS WITH THOSE OF A 
10-ARMED SPECIES. 


division series, like the additional internal just considered, are always composed 
of two elements, but, contrary to what was found to be the rule in that case, they 
are never developed except in species having all the division series of two elements. 

The reason for the normal occcurrence of additional division series exter- 
nally—that is, along the outer branches arising from the IIBr axillaries—is 
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easily seen. I have elsewhere given reasons for believing that of the arms arising 
from the IIBr axillaries those which are external are phylogenetically more 
advanced as they are more perfected than those which are internal. This holds 
good, of course, for all the derivatives from these axillaries. It is therefore to be 
expected that the outer branches, being phylogenetically more advanced, will be 
more subject to division, exactly as we see is the case in such genera as Comatella, 
Cenometra, Ptilometra, Endoxocrinus, etc. 

In the Himerometride and in certain zygometrids, as just explained, exactly 
the reverse is the case; there are usually more division series internally than ex- 
ternally. This also is ito be expected, for the Himerometride, as shown by their 
very short brachials and curious pinnulation, are retrogressive derivatives from 
highly multibrachiate stock, and we should therefore assume the retention of this 
multibrachiate character longer internally than on the phylogenetically more 
advanced outer arms. 

In the genus Comanthina (fig. 188, p. 79) the third division is normally of both 
two and four ossicles, as in Himerometra, but the order in which they occur in 
that genus is reversed, so that the III Br series are 2 externally and 4(3+-4) inter- 
nally. On the left posterior ray, sometimes on both posterior rays, the arrange- 
ment commonly reverts to that of Himerometra, 4(8+4) externally and 2 inter- 
nally, and may later be still further simplified by the reduction of all the series 
of four ossicles to two. 

In the larger species of the genus Comaster, as Comaster noveguinee (figs. 
148, 150, p. 83), the first division series gies rise to two similar branches as usual; 
the second division series, however, bear undivided arms externally and third 
division series internally, the third division series bear undivided arms internally 
and fourth division series externally, and so on, this alternation sometimes continu- 
ing for eight or nine division series. The resulting appearance is as if each second 
division series gave rise to two stout main trunks, each of these trunks giving 
off arms on alternate ossicles, first on one side and then on the other, and finally 
terminating in a pair of arms themselves. The first arm is always given off 
externally from the main trunk, so that the arrangement of the arms along the 
trunk is exactly like the arrangement of the pinnules along one of the terminal 
undivided arms, excepting only that the arms are given off from alternate ossicles, 
whereas the pinnules occur on every ossicle; but as the ossicles of the division 
series are united by nonmuscular articulations, the arrangement of the arms is 
precisely what the arrangement of pinnules would be on an arm with every 
alternate articulation a syzygy. 

In the smaller species of Comatella the second division series always gives 
off internally an undivided arm and externally a third division series (fig. 154, 
p. 83). When a fourth division series is present it is always given off from the 
outer side of the third division series, the inner derivative of the third division 
series remaining undivided. In Comatella nigra (fig. 156, p. 83), which may 
have six or seven division series beyond the radials, the same peculiarity is found, 
but it begins with the second division series instead of with the first, so that 
the axillary of each second division series gives rise to two main ne each 
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of which gives off internally, on every alternate ossicle, an undivided arm, eventu- 
ally terminating in a pair of arms which, contrary to the case in Comaster, are 
not quite alike. In their method of division the arms of the species of the genus 
Neocomatella agree with those of the smaller species of the genus Comatella. 

In the genera Capillaster (figs. 180, p. 92, and 181, p. 94) and Nemaster (fig. 
182, p. 96) the division series beyond the second are always 3(2+3), this type 
being derived from the more usual 4(3+4) by the omission of the first ossicle. 

The arms usually taper evenly and gradually 
from the base to the tip, but often they slowly in- 
crease in size from the base to the twelfth or four- 
teenth brachial and from that point slowly taper to 
the extremity; this condition is especially prevalent 
in the Oligophreata, though more or less character- 
istic of many of the more specialized of the macro- 
phreate forms, such as Antedon petasus or Helio- 
metra glacialis. It is commonly correlated with the 
degree of recumbency of the radials, reaching its ex- 
treme form, in the recent comatulids, in those co- 
masterids in which the radials lie horizontally. It is 
particularly well seen in Comatulella brachiolota 
(part 1, fig. 77, p. 180; pl. 50, fig. 1882), Comatula 
rotalaria, and C. solaris, though almost equally well 
marked in many other types (fig. 184, p. 100). 

In a number of recent comatulids, most marked, 
perhaps, among the species of Comactiniine, the 
arms are so swollen in their lower portion that the 
brachials do not reach entirely across them but 
terminate in a point somewhere between the median 
line and the outer margin. This is not due to a per- 
sistence of the original biserial arrangement, as 
might appear at first sight, but instead, as is shown 
by the development of the individual, is a purely 
secondary condition, a sort of pseudo-biserialism. 
In the very young brachials the proximal and distal 
edges are strongly oblique, and one of the lateral F16. 179 ChowN AN® BeAr 
edges is much longer than the other, so that in dorsal Toei ie Seale, heeainraacits ‘< 
view the brachials appear to be trapezoidal in shape; 
during growth material is added on each lateral border. As the ends always 
maintain their original obliquity, addition of calcareous matter on the lateral 
borders causes the longer side to become still longer and the shorter side to 
become still shorter until it finally becomes a point beyond which the horizontal 
(transverse) suture line between the proximal border of the succeeding and the 
distal border of the preceding brachials runs to the edge of the arm. 

Usually, and always in the endocyclic species, all of the arms in a single 
specimen are just alike, or at least the various arms arising from each radial 
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are exactly like the corresponding arms arising from all the other radials. 
But in certain of the comasterids the arms arising from the one, two, or three 
posterior radials are modified in various ways and have become curiously special- 
ized, so that they are no longer strictly comparable to the more primitive arms 
arising from the one or two anterior radials (fig. 163, p. 86). 

As noticed by P. H. Carpenter these posterior arms (part 1, fig. 45, 6, p. 79) 
differ in numerous particulars from the anterior arms (part 1, fig. 45, a, p. 79). 
These latter taper very slowly, contain far more numerous brachials, and are much 
longer than the former, 
while the form of their 
terminal portions and 
of the pinnules which 
they bear is altogether 
different (figs. 1084, 
1035, pl. 12). When 
viewed from the dorsal 
side the basal portions 
of the two kinds of arms 
are precisely similar; 
they widen slightly be- 
tween the first and sec- 
ond syzygies, remaining 

















ey 








$ 
SS 

Ss 

> S 

s SSE 
Ss 

Sy wy 

KAS 

S oy Z 
S 

o 

cho 


ES 
aig 


> 
SS 

Sy 

oe 
4 





at 


> 
aaa 
oy 
BRIS 


A 










oS 
S 
SOK 
4 
eS 
> 
‘le 


oS Y 
Sy 
SS 


SL 













SEORRH uniform until the third 
CA ; 
Cees syzygy,after which they 
v 


begin to taper. Up to 
about the twenty-fifth 
or thirtieth segment the 
anterior and the pos- 
terior arms decrease in 
width at about the same 
rate, but from this point 
onward there is a great 
difference between them. 
CENTRAL PORTION AND ONE POST-RADIAL SERIES OF SPHCIMEN OF The a borne by the 
CAPILLASTER SENTOSA FROM “ ALBATROSS” STATION 5166. anterior radials taper 
very slowly, the length 
of their segments increasing considerably while the breadth only diminishes 
very gradually; at the same time the middle and terminal pinnules in which no 
gonads are developed become very long and filiform and remain so until the last 
few brachials, when their length suddenly diminishes very considerably. The 
extreme end of the arm is a growing tip, continually, though very slowly (the rate 
decreasing with the age of the individual), giving rise to new brachials, in every 
way similar to the growing tip of very young arms, or to the growing tip of the 
arms of Antedon bifida as described by W. B. Carpenter (fig. 1035, pl. 12). 


Fig. 180. 
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With the posterior arms of many of the comasterids the case is quite different. 
From the twenty-fifth brachial onward they taper very rapidly, and in Comanthus 
purvicirra, instead of reaching a length of 145 mm. as the anterior arms with some 
150 brachials may do, they have only some 80 brachials, and rarely attain a greater 
length than 60 mm. or 7) mm. At the same time their terminal pinnules are little, 
if at all, longer than those of the middle portion of the arm, and the center of the 
dorsal half of each of their segments is occupied by « dark brown, egg-shaped body 
of a peculiar cellular nature, a so-called spherode, which Carpenter was inclined 
to consider a sense organ (fig. 1034, pl. 12). The pinnules of the last few segments 
decrease very slowly in size, and the arm ends in an axillary which bears two 
pinnules of the ordinary character, each provided with the brown ovoid bodies or 
spherodes (part 1, fig. 47, p. 81). 

Between these two kinds of arms, the long anterior with a wide ambulacral 
groove and a well-developed respiratory apparatus (fig. 1038, pl. 12) and the short 
posterior with a closed groove and no external respiratory apparatus (fig. 1037, 
pl. 12), all possible forms of transition occur. 

In Comanthus parvicirra, as a general rule, more or fewer of the anterolateral 
arms, C, and E,, are tentaculiferous, but they never reach such a great length as the 
anterior arms, and their terminal pinnules are by no means so long and slender. 
At the same time the posterolateral arms, C, and E,, although generally non- 
tentaculiferous, have, except in rare cases, a more or less open groove for the greater 
part of their length, which, while greater than that of the posterior arms of the 
radius D, is less than that of the anterolateral arms C, and E,, and their pin- 
nules increase slightly in length from the middle until near the end of the arm. 

Carpenter thus classifies the arms of Comanthus parvicirra: 

Anterior, on radii A and B; 120-150 brachials; pinnules increasing in length 
to the terminal, which are very long and slender; tentaculiferous. 

Anterolateral, on C, and E,; 100-120 brachials; terminal pinnules lone and 
slender; tentaculiferous. 

Posterolateral, on C, and E,; 80-100 brachials: terminal pinnules stout and 
rather longer than the middle pinnules; pinnules usually with spherodes and nar- 
row ambulacral grooves, but nontentaculiferous. 

Posterior, on radius D; 60-80 brachials; terminal pinnules stout, but shorter 
than the middle pinnules; spherodes are present; usually no ambulacral grooves; 
nontentaculiferous. 

Carpenter noted that another difference between the anterior and the pos- 
terior arms is that the gonads on the latter are far more developed than those on 
the former; not only is their number greater, although the total number of pinnules 
on a posterior arm may not be much more than half that on an anterior arm, but 
they attain a very much greater size, the proximal and middle pinnules of an 
anterior arm being very much less swollen than the corresponding pinnules of a 
posterior arm. 

In larger species of Comasteride Carpenter noticed that sometimes all the arms 
might be grooved and bear tentacles, yet the posterior might be considerably 
shorter than the others. In one species he noticed that, though all the arms are 
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equal and grooved, the distribution of the syzygies is quite different on the pos- 


terior arms. 
two posterior rays which carry them, but in large species with very numerous arms 


In the species of Comasteride possessing grooveless arms it is usually only the 
a number may be found on each ray. In Comanthus parvicirra from the Philip- 
pine Islands Carpenter found that the distribution of the ungrooved arms, as well 
as their number, varies to a very great extent. He notes that in any case they 
always occur on the odd (left) posterior radius, D; when more are developed they 
may occur on the posterior divisions, C, and E, of the two lateral radii, C and E; 
and when the proportion of 
nontentaculiferous to tenta- 
culiferous arms becomes very 
great, more or fewer of the 
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Fic. 181.—-CENTRAL PORTION AND ONE POST-RADIAL SERIES OF SPECI- 
MEN OF CAPILLASTER MULTIRADIATA FROM “ ALBATROSS ” STATION 


5139. 


anterolateral arms C, and E, 
belong to the former class, 
while in exceptional cases 


nontentaculiferous arms may 
even occur on the anterior 


radii. 
In only one individual 


did Carpenter find a nonten- 
taculiferous arm on one of 
the two anterior radii. In 
this specimen out of 31 arms 
19 were entirely devoid of a 
tentacular apparatus, and in 
15 of these the fusion of the 
two sides of the ambulacral 
grooves had taken place either 
on the disk or on the proximal 
brachials, so that an ambu- 
lacral nerve was wanting in 
nearly half of the total num- 
ber of arms. In the other 
four nontentaculiferous arms 
the groove remained open for 
Three of these four arms 


a short distance and then closed in the usual manner. 
constituted the anterior division (E,) of the left lateral ambulacrum, but the fourth 


was the first arm of the left anterior ambulacrum, and was borne upon the same 


II1Br axillary as a well-developed ordinary tentaculiferous arm. 
In some specimens of Comanthus parvicirra Carpenter found that the arms 


are all alike in possessing open ambulacral grooves fringed with crescentic lappets 


and groups of tentacles. 
In Comatula solaris he found that the arms may be all grooved, or anywhere 


from one to four may be nontentaculiferous. 
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In Comatula pectinata all the arms may be grooved, or from one to six may be 
ungrooved; and the same is true in (’. mécraster, though in this little species the 
average frequency of ungrooved arms is rather higher than in C. pectinata. In 
both these species the difference in length between the grooved and the ungrooved 
arms is often very great, the former being sometimes as much as three times as long 
as the latter (fig. 163, p. 86). 

In the multibrachiate species the character of the division series giving rise to 
these ungrooved arms is commonly different from that of the division series sup- 
porting the ordinary grooved arms, this difference heing in the direction of greater 
simplicity of structure evidenced by the general substitution of division series of 
two elements for those ordinarily of four. Sometimes in those species in which, as 
in Comanthina schlegelii and Comaster belli, the I1IBr series are normally 4(3+4) 
internally and 2 externally, there is a reversion of this order on the posterior arms, 
the arrangement here being then 2 internally and 4(3+4) externally, an arrange- 
ment duplicated in Himerometra and in the very many armed species of Zygometra. 

The radials from which these modified arms arise are sometimes dwarfed, 
though usually they appear to be no different from the others. The length and 
thickness of the division series is, however, often considerably less (fig. 1017, 
pl. 7). This diminution in size is not gradual, but very sudden, so that the 
ossicle following the radial appears disproportionately small, as if the postradial 
series had been broken off at the radial and subsequently regenerated. 

Ludwig noticed that the terminal segments of the arms and pinnules of 
Heliometra glacialis are devoid of ambulacral grooves, and P. H. Carpenter 
found that this obliteration of the ambulacral grooves is brought about by the 
approximation and fusion of the elevated folds of perisome at their sides, corre- 
lated with a loss of tentacles and associated structures, just as in the Comasteride, 
the only difference being that it takes place much farther from the disk. 

Within the same or closely related species the proportionate length of the 
brachials and arms is to a large degree correlated with the proportionate length 
of the cirrals and of the cirri. This is well illustrated by such species as occur 
in localities where the temperature and salinity are above or below that ordi- 
narily or typically normal for the genus or family. Thus in the warm Adriatic 
and Mediterranean Seas we find Antedon adriatica (part 1, fig. 106, p. 171) and 
A. mediterranea (part 1, fig. 105, p. 169), both of which, especially the former, 
are remarkable for the length and slenderness of the arms, as well as for the 
length and slenderness of the cirri and cirrals, characters by which they are 
sharply separated from A. petasus (part 1, fig. 103, p. 165) and A. bifida (part 1, 
fic. 104, p. 167) of the colder waters of the east Atlantic, which, especially the 
former, possess relatively short and stout arms, and short, stout, strongly curved 
and short-segmented cirri. On the muddy bottoms in the shallow, warm, and 
fresh Java Sea many of the wide-ranging East Indian types, such as Capillaster 
sentosa, C. multiradiata, Comatula purpurea, Comaster fruticosus, Heterometra 
producta, Oxymetra finschit, and Dichrometra flagellata, are represented by par- 
allel types, in which the cirri, and usually also, though commonly to a somewhat 
lesser degree, the arms, are exceedingly elongated and very slender. On the 
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southern coasts of Australia we find Comatulella brachiolata (part 1, fig. 77, 
p. 130), a curious species with very short and very stout arms and very short 
cirri composed of very short segments, which is evidently a cold-induced form 
derived from the Comatula type (figs. 184, 185, pp. 100, 102). In Comanthus wahl- 
bergii of South Africa and in C. trichoptera and its allies of southern Australia, 
New Zealand, and Tasmania the same feature is evident, though in the C. trichop- 
tera group a distinctive type of cirrus structure prevents these organs from being 
strictly comparable with those of the other species of the genus. 
Although an unusually warm habitat ordinarily induces the lengthening of 
the comatulid arm, under certain con- 
j ditions and upon certain arms it has 

f exactly the opposite effect, causing 

i / these arms to become short and stout. 

f f The effect of a cold habitat appears to 

; i be to render slower and more difficult 
Hi , the formation of the skeleton, retard- 
d # ing the deposition of lime to a much 
4 / greater degree than it inhibits the 
Ff f other body processes, possibly as a re- 
o ; sult of the increased solubility of cal- 
cium carbonate (CaCO,) at low tem- 
Bf fj peratures. Hence, in cold water forms 
‘ during the growth of the arms the 
various organs attain their definitive 
form when the brachials are still rela- 
tively short, and the brachial skeleton 
never attains the weight and density 
of the brachial skeletons of warm- 
water species. The shortening of the 
brachials and therefore of the arms 
also as a result of the action of cold 
always affects all the arms to the same 
182 degree. 

Fire. 182.—CeNTRAL PORTION AND ONDE POST-RADIAL The species of Comasteride in 
SERIES OF SPECIMEN Of NEMASTER RUBIGINOSA COL- which the posterior arms are short 
LECTED BY THE ‘‘ CHALLENGER,’ AT BAHIA, BRAZIL. - . 

and ungrooved all occur in the littoral 
zone of the Tropics, where the temperature of the water is high. Species from deep 
or relatively cold water always have all of the arms of the same length and similar, 
as in the endocyclic forms. There seems to be a definite connection, therefore, be- 
tween a high temperature and modification of the posterior arms. 
Ungrooved arms are especially remarkable for the great development upon 
them of the sexual organs, which are more numerous and larger than those upon 
the other arms. 
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In the exocyclic species the mouth is situated at or near the middle point 
in a horseshoe-shaped ring running about the margin of the disk and giving off 
branches to the various arms. As the central rings of the water-vascular, blood- 
vascular, and ambulacral nervous systems, as well as of the ambulacral grooves, 
retain their original position about the mouth, it is evident that the posterior 
arms are at a considerable disadvantage, for while the circumoral rings lie directly 
at the base of the anterior arms, the bases of the posterior arms are distant from 
them half the periphery of the disk. 

The genital cords of the different arms are at first connected by a ring about 
the mouth, but this soon atrophies, so that_in the adults the gonads on each arm 
are entirely independent of those on the other arms. Thus the disadvantages 
under which the brachial organs actively connected with ring systems about the 
mouth are placed are inoperable in the case of the genital organs. 

Heat has been shown to have the effect of stimulating the growth of the 
genital organs, and there is no reason to support that this is not the case in 
the crinoids as well as in other animals. 

If it be so the stimulation of the gonads would naturally result in the 
atrophy of the brachials and of the ventral systems and the more or less complete 
suppression of the latter in the posterior arms on account of the aggressive 
assimilation of the available nutriment by the stimulated gonads and the relative 
difficulty of supplying additional nutriment because of the elongation of the 
channels through which it has to pass. 

In those species of the Comasteride in which the mouth is central and the 
ambulacral grooves converge to it in five furrows of equal length all the struc- 
tures on all the arms are equally balanced and no opportunity is offered for the 
genital organs to develop abnormally at the expense of the other systems. In 
such types, no matter what the temperature of the water in which they occur, 
the arms are always of equal length, as in the endocyclic species belonging to 
other families. 

Cold appears to have an inhibiting effect upon the genital organs, so that 
exocyclic species found in cold water have all the arms, though short, of the 
same length. 

Carpenter believed that the condition of the respiratory apparatus was the 
determining factor in deciding the condition on the posterior arms, and that when 
this is well developed the arm seems to have the power of indefinite growth. 

The division series and arms may stretch out horizontally (figs. 184, 185, 
pp. 100, 102), or they may be closely appressed, making but a small angle with the 
dorsoventral axis of the animal (figs. 206-209, pp. 143-149). These variations are 
not correlated with the angle made by the radials with the plane passing at right 
angles through the dorsoventral axis, as might be expected, both extremes occurring 
in the Oligophreata where this angle is always comparatively low. 

When the division series and arm bases are widely divergent and approach 
the horizontal the component elements are comparatively shallow and broad and 
their ventrolateral edges are narrow and rounded, or more or less produced into 
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rounded or denticulate flange-like processes, not coming into direct contact with 
those of the neighboring ossicles (part 1, figs. 41, 42, 78, 85, 87, pp. 77, 131, 139, 
143). When, however, the division series and arm bases are more or less turned 
upward they come into contact with those adjacent on either side, with the result 
that the possibility of lateral growth is greatly limited, and the ossicles become 
sharply flattened or “ wall-sided” laterally but, in compensation, deep dorsoven- 
trally (part 1, figs. 48, 44, p. 77). Ordinarily, this lateral flattening is confined 
to the elements proximal to the first brachial syzygy, ossicles which for phylo- 
genetic reasons are broader than those 
following, but in extreme cases it may 
be traced almost as far as the twentieth 
brachial of the free undivided arm (fig. 
208, p. 146). 

In a few instances species with broad 
and patent central structures have de- 
veloped an excessive broadening of the 
division series and first two brachials, 
and in these cases the ossicles which have 
become broad have come into lateral con- 
tact and have developed the sharply flat- 
tened sides. A good example of this is 
seen in Comanthus solaster. 

Carpenter believed that the lateral 
flattening of the division series and lower 
brachials of the free arms, or “wall-sided- 
ness” as he called it, was, together with 
the commonly correlated presence of 
strongly developed side and covering 
Fig. 183.—LATERAL VIEW OF SPECIMEN OF COMATILIA plates, ne attribute of See WEP ePeUres 

IRIDOMETRIFORMIS FRoM “ ALBATROSS” Station 20d that it was a systematic character of 

2BHe. the highest significance; in fact, his 
“Basicurva,” “Spinifera,” and “Granulifera” specific groups are based chiefly upon 
it, though the two last invariably possess in addition “plated” ambulacra. 

Carpenter was to a considerable extent justified in this conclusion at the time 
he wrote, but subsequent investigation has shown that this character, however 
suggestive it may be, is far too uncertain to be relied upon, appearing in widely 
divergent groups and being suddenly suppressed in certain species belonging to 
others in which it is usually seen. 

In the Comasteride (figs. 120, 183, 137, 188, 148, 150, 152, 154, 156, 158, 169, 
171, 180-188, pp. 79-108) the division series are almost invariably widely free 
laterally and strongly rounded dorsally and laterally, the only exceptions being in 
a few species of Comanthus (compare fig. 171, p. 86) in which the elements of the 
division series are especially broad. 
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In the Zygometride (figs. 127, 136, 143, 189-191, pp. 79, 88, 109-112), as in the 
Himerometride, the division series and arm bases are usually in apposition lat- 
erally with the lateral borders of the component elements sharply truncated. In 
Catoptometra, however, they are narrow, strongly rounded, and well separated. 

In Craspedometra (fig. 141, p. 83), Heterometra, Homalometra, and Amphi- 
metra (figs. 192, 193, pp. 115, 117) of the Himerometride the division series and arm 
bases are closely appressed against their neighbors and more or less extensively 
truncated laterally; but in Zimerometra (fig. 123, p. 79) they are narrow, strongly 
rounded, and widely free. 

In the Mariametride Pontiometra (figs. 139, p. 88, and 194, p. 120) has the 
division series very narrow, very strongly rounded, and widely free laterally, while 
in Oxymetra (fig. 195, p. 122), Liparometra, Dichrometra, and Mariametra (figs. 
129, p. 79, 196, p. 124, 197, p. 125, and 684 p. 338) they are broad and in lateral 
contact. The latter condition is usually found in Lamprometra also, though in 
this genus the division series, through individual variation, are sometimes narrow 
and separated from each other. 

In the Colobometride the conditions are very diversified; the division series 
and first two brachials are narrow, very strongly rounded and widely separated, 
and each of the component elements bears a broad ventrolateral flange, as in the 
species of Stephanometride (figs. 125, 130, p. 79), in Cenometra (part 1, fig. 87, 
p- 148); they are entirely separated laterally and well rounded in Epimetra, 
Cyllometra, Colobometra, Decametra, Oligometra, and Prometra; and they are in 
lateral contact in Petasometra (fig. 198, p. 127), Cotylometra (fig. 199, p. 129), 
Austrometra, Oligometrides, and Analcidometra. 

In the Calometride (figs. 200, p. 130, 201, p. 138, 202, p. 184, and part 1, fig. 89, 
p. 147) the postradial series are usually very narrow and widely separated, though 
in certain cases they may be just in apposition through the broad lateral expansion 
of the borders of the component elements. 

In the Tripiometride (fig. 116, p. 79, and part 1, fig. 88, p. 145) the division 
series are remarkably broad, though thin dorsoventrally, and are sharply truncated 
laterally. 

In the Thalassometride there is a considerable range of diversity. The ex- 
treme of lateral flattening and of depth of rays and lower brachials is reached in 
Asterometra (figs. 206, p. 143, 207, p. 145, and part 1, figs. 43, 44, p. 77, and 94, p. 155), 
though, curiously enough, in the two most closely related genera, Ptilometra (fig. 
204, p. 139, and part 1, fig. 93, p. 153) and Pterometra (fig. 208, p. 146), the elements 
of the division series and arm bases, though broad, are very thin, so that their 
truncated lateral borders are very narrow as in 7'ropiometra. In most of the genera 
of this family the character is well marked, but in some of the more delicate species, 
or individuals, of Thalassometra (fig. 224, p. 177) and Stylometra (figs. 124, p. 79, 
and 219, p. 166), and in Parametra (figs. 217, p. 163, and 218, p. 164), the ossicles of 
the division series and arm bases may be of only moderate depth, rounded dorsally 
and laterally, and more or less separated from their neighbors. 

In the Charitometride (figs. 226-232, pp. 180-192, 658, p. 829, 670-675, p. 335, 
676-682, p. 338, and part 1, figs. 99, p. 160, 100, p. 162, and 101, 102, p. 163) the 
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lateral flattening of the rays is more generally and uniformly developed than in any 
other family; but it is not very marked in Pecilometra (fig. 229, p. 186), and is 
even less evident in Strotometra (figs. 280-232, pp. 188-192). 








184 


Fic. 184.—BrOaD-ARMED VARIETY OF COMATULA PECTINATA, FROM SPECIMEN FROM SINGAPORE, 


In the Macrophreata the postradial series are usually strongly rounded dorsally 
and laterally and quite free, without the marginal processes commonly developed 
in the Oligophreata to a greater or lesser extent when the elements of these series 
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are well separated; but in Perometra (part 1, fig. 112, p. 179), Balanometra, Zeno- 
metra, certain species of 7'richometra, Nanometra, and related types, and in certain 
specimens of the species of Leptometra, the postradial series are in close apposition 
and more or less, sometimes very greatly, flattened, this lateral flattening reaching 
in Zenometra columnaris and in Trichometra cubensis almost the same extreme as 
in the most characteristically “ wall-sided” species of the Thalassometride. In 
Atelecrinus (part 1, figs. 123, p. 192, 124, 125, p. 193, and 414, p. 319) and in 
Hypalometra the constriction of the lower part of the animal is so great that, 
though no great flattening occurs, thanks to the very considerable depth of the 
brachials, the lower pinnules have no room in which to develop, and are there- 
fore absent. 

An instructive side light on the uncertainty of the “ wall-sidedness” as a spe- 
cific character is given by an examination of the “ Basicurva group” as constituted 
by Carpenter in the Challenger report. All of the included species but two fall in 
the families Thalassometride and Charitometride, as now understood. Of these 
two, one belongs to the genus Perometra (pusilla) of the family Antedonide and 
the subfamily Perometrine, and the other to the genus Homalometra (denticulata) 
of the family Himerometride, both being much more closely related to species 
placed by Carpenter in his heterogeneous “ Milberti group” than to any of the 
species with which they were associated. 

In the groups in which the lower portions of the postradial series are flattened 
against each other and thus definitely fixed in position the general contour of the 
lower part of the animal comes to present valid systematic characters which are 
unsurpassed in reliability by any of the characters offered by any of the other 
structures. This is especially true in Crossometra (figs. 226, 6738, pp. 180, 335), 
Perissometra (figs. 227, 670, pp. 182, 335, and part 1, fig. 100, p. 162) and Pachylo- 
metra (figs. 671, 672, p. 335) in the Charitometride, and in Pterometra (fig. 203, p. 
137) and Asterometra (figs. 206, 207, 209, pp. 143-149, and part 1, fig. 94, p. 155) in 
the Thalassometride. It was first used as a differential character by Carpenter in 
distinguishing Perissometra angusticalyx, in which, as in certain more or less 
related species, and in certain species of Pterometra, that part of the animal just 
above the radials is strongly constricted. 

When the lower portions of the postradial series are not flattened against each 
other the contour of the proximal portion of the body depends mainly, in preserved 
specimens, upon the state of contraction and distortion of the visceral mass, and 
has either no, or only a very general, significance. 

The close apposition and the strong flattening of the earlier postradial elements 
against each other would result, were it not for some special adaptation, in the 
cutting off of the medium inhabited by the animals from contact with the surface of 
the visceral mass, entirely from its sides and more or less completely from its 
ventral surface. This would result in the partial stagnation of the fluid whence 
the contents of the water vascular system are drawn, and would undoubtedly give 
rise, directly or indirectly, to serious pathological conditions. But in most cases 
obvious provision has been made against such a contingency. The IBr, and all 
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the reduplications of that ossicle have the outer distal angles sharply cut away, and 
the IBr, and all of its reduplications have the outer proximal angles similarly 
truncated, so that numerous rhombic intersegmental pores are formed which pass 
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1G, 185.—SLENDER-ARMED VARIETY OF COMATULA PECTINATA, FROM SPECIMEN FROM SINGAPORE. 


from the exterior through the thick calcareous wall formed by the postradial series 
to the disk. These pores are especially evident in the species of Vhalassometride, 
in which the division series are composed of two elements, as in many species of 
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Thalassometra (fig. 223, p. 175, and part 1, fig. 95, p. 157), in Crinometra (figs. 678, 
683, p. 338), and in Atelecrinus (part 1, figs. 14, p. 65, 123, p. 192). 

In very many species it is noticeable that the lateral angles of the axillaries 
project beyond the sides of the ossicles preceding; or that, if the axillaries are long, 
their sides make with the sides of the preceding segments a more or less deep obtuse 
reentrant angle. The first condition is well seen in Anfedon bifida and in A. 
petasus (part 1, fig. 103, p. 165); the second in Pontiometra andersoni (fig. 194, 
p. 120), and in many of the Comasteridw, Himerometride (fig. 123, p. 79), Maria- 
metride, and Colobometride. This appears to be, like the intersegmental pores, a 
provision for insuring an adequate supply of fresh water to the sides of the disk. 


POST-RADIAL HOMOLOGIES. 


First brachial pair. 


The first two ossicles of the free undivided arms of the comatulids always 
differ in size, form, ornamentation (if present), and mode of union from all 
the succeeding brachials; the outer (second) is always situated just on the border 
line between the perisome of the ventral disk and the ventral perisome of the 
arm and bears a highly specialized pinnule; and the two following brachials are 
always united by syzygy, forming the first syzygial pair. 

The constant structural peculiarities and associations of this pair of brachials, 
the larger size, greater width, straighter proximal and distal borders, which are 
more nearly at right angles to the axis of the arm, and consequently more regu- 
larly wedge-like shape, and the possession of special ornamentation or modifi- 
cation, ventrolateral, or dorsolateral flanges, more deeply and sharply flattened 
sides, or synarthrial tubercles, combined with the presence of the only synarthry 
occurring in the undivided arm between them, their invariably fixed position on 
the border of the disk, the occurrence upon the outer of a highly specialized 
pinnule differing widely in size, structure, and function from the succeeding 
pinnules, and the invariable presence of a syzygial pair beyond them, leave no 
room for doubting that this pair of ossicles is strictly homologous throughout the 
whole group, and furthermore render it very readily identifiable. 

With the definite identification of a pair of ossicles wherever it may be 
found, the elucidation of the brachial homologies of the comatulids becomes an 
easy matter. 

But the study of the post-radial homologies is sometimes rendered more or 
less difficult by the projection of certain of the characters of the first brachial 
pair, though always in a modified form, upon several of the succeeding ossicles, 
which then form a transition zone of greater or lesser length between the first two 
and the distal brachials. Especially the pinnule upon the outer element of the 
syzygial pair immediately following the outer element of the first brachial pair 
usually resembles more or less closely the pinnule borne by the latter; but the 
succceeding pinnules are ordinarily markedly different, although in large species 
(as in the species of Heliometrine) they may have some of the characteristics of 
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the first pinnule projected upon them. But no matter how much modification of 
the following brachials there may be, a close examination soon reveals the fact that 
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Fic. 186.—LATERAL VIEW OF SPECIMEN OF NEOCOMATELLA PULCHELLA, 


there are very impor- 
tant differences between 
them and the brachials 
of the first pair. 


Homologies of the division 
series of two ossicles. 


In all the ways in 
which the first two 
brachials differ from 
the brachials succeed- 
ing them they agree 
with the elements of the 
division series preced- 
ing when these are com- 
posed of two ossicles 
only. This correspond- 
ence is emphasized in 
such species as Amphi- 
metra ensifer (part 1, 
fig. 86, p. 141), Pero- 
metra afra, and Pero- 
metra’ diomedew (fig. 
119, p. 79, and part 1, 
fig) 112, —p. 179), im 
which the apposed ful- 
cra of the synarthrial 
articulation are greatly 
produced, forming a 
high conical tubercle, 
which is repeatéd on 
the line of union of all 
the pairs in the division 
series; the species of 
Tropiometra (fig. 116, 
p- 79, and part 1, fig. 88, 
p- 145) in which the first 
two brachials are dis- 
proportionately large, 
and the elements of the 


division series are disproportionately large also; the species of Stephanometra 
(figs. 125, 130, p. 79, Cenometra (part 1, fig. 87, p. 143), and Cyllometra, in 
which the first and second brachials each bear a broad rounded ventrolateral 
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flange, which assists in supporting the visceral mass and which is repeated 
on all the ossicles of the division series; the species of Pwcilometra (figs. 182, 
p. 79, and 229, p. 186), in which the first and second brachials bear a broad dor- 
solateral process, which is reduplicated on all the elements of the division series; 
Oceanometra gigantea (figs. 145, p. 83, and 220, p. 168), in which the second 
brachial (but not the first) bears'a high median keel, which is repeated on the 
outer elements of all the pairs in the division series; many species of Mariametra, 
Parametra, Lissometra (fig. 216, p. 161), and Stiremetra, and certain species of 
Asterometra (figs. 206, 207, pp. 148, 145), Cosmiometra (fig. 218, p. 155), and 7’ha- 
lassometra (fig. 224, p. 177), in which the first two brachials and the elements of 
the division series are conspicuously carinate; many species of Thalassometra 
(fig. 223, p. 175), Stylometra (fig. 219, p. 166), and Sarametra, in which both 
are covered with long spines; certain species of Mariametra (fig. 684, p. 338), Crino- 
metra (figs. 678-683, p. 338), Glyptometra, Calyptometra (figs. 676, 677, p. 338), and 
Perissometra (fig. 658, p. 329; part 1, fig. 100, p. 162), in which both bear a charac- 
teristic tubercular ornamentation; and in many other less conspicuous ways in 
other types. 

There can therefore be no doubt whatever that the division series of two 
ossicles, no matter how many of them there may be, are strictly homologous 
with the first two brachials of the free undivided arm and represent redupli- 
cations of that pair of brachials interpolated between it and the radials. 

The comatulids, in which the division series are invariably of two ossicles, 
which are simple reduplications of the first brachial pair, include the majority 
of all the known forms. All 10-armed species, except those in the genus 
Thaumatocrinus, fall in this category, as well as all the multibrachiate species 
in the Stephanometride, Mariametride, Ptilometrine, and Perometrine, and many 
of those in the Zygometride, Colobometride, Calometride, Thalassometrine, and 
Charitometride. .Promachocrinus also belongs here. 


Eudiocrinus and Uintacrinus. 


In Eudiocrinus (figs: 127, p. 79; 189, p. 109; 190, p. 111; 191, p. 112, and part 1, 
figs, 83, p. 186, and 84, p. 137) the arms are undivided, but both the first and 
second pairs of brachials present the same features. The second pair is followed 
by a syzygial pair, and is easily recognizable as homologous with the first pair 
of brachials in the free undivided arms of other types. 

Tt is therefore clear that the arm structure of H'udiocrinus is strictly com- 
parable with that of the 10-armed species in which the first pair of brachials 
is preceded by a IBr series, differing only in the circumstance that in Hudiocrinus 
the outer element of the IBr series is not axillary and therefore bears a single 
undivided arm plus a pinnule instead of a pair of arms. 

The distal element of each pair of ossicles united by a nonmuscular articu- 
lation always bears two processes on its distal border, an arm and a pinnule (as 
in the case of the first brachial pair), two exactly similar arms (as in the case 
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of all the outermost axillaries), an arm and a division series, or, abnormally but 
not infrequently, two exactly similar pinnules. 

While ordinarily a definite and fixed pair of structures is found on the 
distal end of the distal element of any given pair of ossicles united by nonmus- 
cular articulation, these pairs of structures are more or less interchangeable, and 
such interchange is a common source of variation. 

In Antedon bifida and in Leptonemaster venustus nine-armed specimens have 
been recorded in which, through variation, one of the post-radial series was un- 
divided, but possessed at the base two exactly similar pairs of brachials. In these 
cases it is evident that the normal IBr series were actually present, but the IBr,, 

instead of being axillary 
and carrying two arms on 
the distal border, carried a 
single arm and a pinnule. 
f / Thus through varia- 
i ft f tion resulting in the re- 
i 4 fi placement of one of the two 
i | ; arms normally following a 
IBr series by a pinnule, 10- 
armed species may on one 
ray occasionally assume the 
brachial structure charac- 
teristic of Hudiocrinus. 

The 10-armed comatu- 
lid genus Uintacrinus (fig. 
147, p. 83) has a peculiar 
arm structure, at first sight 
apparently differing from 
that of any other comatulid. 
The arms divide once, upon 
the second postradial os- 
Fic. 187.—CeNTRAL PORTION AND ONE PoST-RADIAL SERIES or TYPE sjicle, The first pinnule is 

SPECIMEN OF COMASTER MINIMA. = 

on the second postaxillary 
ossicle on the outer side of the arm; the second on the fourth, on the inner side; 
the third on the fifth, on the outer side; and the following pinnules occur alter- 
natingly on succeeding brachials. The third and fourth postaxillary ossicles 
resemble the first and second in size and in the direction across the arm of the suture 
line between them, and in these features differ from the ossicles succeeding. The 
second pinnule is more like the first than like the third. 

The absence of pinnules on the first and third postaxillary ossicles, the 
similarity between the pinnules on the second and fourth postaxillary ossicles, 
the similarity between the third and fourth and first and second postaxillary 
ossicles, and the similarity in the direction taken by the joint lines between the 
third and fourth and first and second postaxillary ossicles, leave no room for 
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doubting that the first brachial pair, normally situated at the base of the free 
undivided arm, is here represented by the third and fourth postaxillary ossicles, 
while the first and second represent a reduplication of this pair situated between 
it and the axillary or distal element of the most proximal pair. 

The structure of the arm of Uintacrinus from the axillary onward, therefore, 
is identical with that of the entire arm in Eudiocrinus. A reduplication of the 
first brachial pair is present in which the distal element is not axillary. 

Judging from its universal presence in all other genera, the absence of the 
second arm on the reduplication of the first brachial pair situated between the 
normal first brachial pair and the axillary would seem to be a retrogressive 
character; we should therefore expect that in the young of Uintacrinus the second 
postaxillary ossicle would appear more like an axillary than in the adult, and 
we find that such is the case. 

The correctness of this interpretation of the arm structure of Uintacrinus is 
shown by a specimen with 11 arms in which one of the second postaxillary 
ossicles is an axillary bearing two arms instead of an arm and a pinnule as 
usual; and another, with nine arms, in which the second postradial ossicle 
instead of being axillary bears an arm and a pinnule, so that three similar pairs 
of ossicles, each bearing a continuation of the postradial series and a pinnule 
on the distal border of the outer element, are present. 

Of interest in this connection is a specimen of Florometra perplexa (fig. 131, 
p. 79) at hand, in which on one of the arms arising from a JBr axillary and 
immediately following the latter there are two pairs of ossicles exactly alike. 
This arm therefore possesses the structure characteristic of the arms of Uintacrinus. 


Pentametrocrinide and Atopocrinus, 


In Thaumatocrinus (part 1, figs. 118, 114, p. 181; 115-118, p. 183), Penta- 
metrocrinus (fig. 126, p. 79, and part 1, figs. 119, p. 185; 120, p. 187; and 121, 
p. 189), and Atopocrinus (part 1, fig. 227, p. 245) the arms are undivided. Exami- 
nation shows that the first two ossicles following the radials correspond exactly 
to the first two brachials in the free undivided arms of other types. 

Therefore Thaumatocrinus, Pentametrocrinus, and Atopocrinus are simple 
forms in which the IBr series are absent, and the free undivided arms arise 
directly from the radials. 

The species of these three genera have the simplest arm structure of any of 
the comatulids. 

In Thaumatocrinus and Pentametrocrinus, and to a lesser degree in Atopo- 
crinus, the ventral disk runs for a considerable distance up the arms, these radial 
tapering prolongations giving it a sharply stellate shape, and merges into the 
ventral perisome of the arms at a point far beyond the second brachial. In no 
other types does this occur. Also in these three genera, alone among the recent 
comatulids, the first syzvgial pair does not immediately follow the first two 
hrachials but is separated from them by an interpolated brachial. 
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Homologies of the division series of four ossicles, 

A study of the species in which the division series are 4(3+-4) shows that in 
these division series the first two elements are obviously strictly comparable with 
the first pair of brachials on the free undivided arms. Where special marks which 
serve to identify the elements exist, as in the distinctive ornamentation in Oceano- 
metra gigantea (fig. 220, p. 168), O. magna (fig. 221, p. 171), and O. annandadei (fig. 
229, p. 173), in other species of Thalassometridw, and in certain forms in the Char- 
itometride (figs. 679, 680, 681, p. 338), it is equally certain that the two outer ele- 

ments in the division 
series of 4(3+4) are 
strictly comparable with 
the first syzygial pair of 


I 
porto 





: HB 
HIE H the free undivided arms. 
| H B Thus whereas the 
H| 4 H f division series of two os- 
H of 5 J sicles are reduplications 
HE H H AE of the first two brachials 
\Ain I 8 # of the free undivided 
ARIE 8 A A f arms, the division series 
Ae ig BAA A of four ossicles are simi- 
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He BABE, Y, the first four brachials 
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eee, BS Since the distal ele- 
ae ment of the first brachial 
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pair and of all the re- 


duplications of this pair 
situated proximal to it 
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See 
188 always bear two deriva- 
Fig. 188.— CENTRAL PORTION AND ONE POST-RADIAL SERIHS OF SPECIMEN OF tiv th ter bord 
COMANTHERIA ALTERNANS FROM PHILIPPINE ISLANDS. ives on the outer 3 wee 
two arms, two division 


series, a division series and an arm, an arm and a pinnule, or, abnormally, two pin- 
nules, it is easy to see why in division series of 4(3-+4) the second element always 


bears a pinnule. 
Occasionally division series of four ossicles occur in which the elements of both 


pairs are similarly united by synarthry. These are unusual and abnormal, but 
they have been reported in Cyllometra albopurpurea (“C. anomala”), in Hetero- 
metra quinduplicava (“Antedon anceps”), and in Adelometra angustiradia. They 


represent two division series of two ossicles each, in which the outer element of the 
first bears a pinnule instead of a second arm. 
Irregularities in the occurrence of the division series of 4(3+ 4). 
Division series of 4(3+-4) appear to be correlated with a very broad and patent 
habit, exceptionally reduced radials, and an exceptionally large visceral mass, the 
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border of which is attached to the distal edge of the third brachial instead of to 
the distal edge of the first, so that the larval arms are discarded at the first syzygy 
instead of at the preceding synarthry, as in the case of multibrachiate species in 
which all the division series are 2. 

Correlated with a high state of specialization in other structures, they appear 
themselves to represent a high state of brachial specialization, and to be a consider- 
able phylogenetic advance over the division series composed of two ossicles only. 

In all the species in which they occur they are relatively unstable, and are 
subject to more or less extensive replacement by division series of two, ossicles; in 
fact, in most forms in which the I1Br series are normally 4(3+-4) it is a relatively 
rare circumstance to find a specimen in which at least one of the I1Br series is not 2. 


Division series of 4(8+4) are 
relatively rare beyond the I1Br 
series, for in a majority of the ps 
species in which IIBr series of e 
4(3+4) occur the IIIBr series are = 
mostly or entirely 2. This is well 
illustrated in the genera Crino- 
metra (figs. 679-681, p. 338), Cros- 1 
sometra (figs. 673, 675, p. 335), WH, 

x 
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Perissometra, Pachylometra (fig. , i 
672, p. 335), Glyptometra, T halas- SS y 
sometra, Zygometra (fig. 143, p. WY S 
83), Craspedometra (fig. 141, p. XS fF LAN 4 
83, and part 1, fig. 85, p. 139), CY OP 
Heterometra, and Catoptometra. NOAA \ AE i 

Sometimes beyond the IIIBr OR SA 
series of 2 there are IVBr series <2 By 
of 4(3+4) resembling the IIBr (rrr oe 

ff 189 


series, and there may be a con- 

tinuation of thisalternation. This 

is illustrated by speciesof Himero- ic. 189.—LareraL vimw oF TYPE SPECIMEN OF EHupt0- 
CRINUS GRACILIS. 


metra and Zygometra, but more 
especially by the species of Comantheria where it reaches its greatest perfection in 


the form known as Comantheria alternans (fig. 169, p. 86). 
In Himerometra (fig. 123, p. 79), Craspedometra, and in the large species of 


Zygometra (fig. 136, p. 79) the III Br series are usually 2 on the inner branch from 
each IIBr series, and 4(3+4) on the outer. The IVBr and following series, if 
present, are indiscriminately 4(3-+-4) or 2, usually with a majority of the former. 

In Comanthina schlegelii (fig. 138, p. 79) the conditions in the II1Br series are 
reversed, the inner being 4(3-+-4) and the outer 2; but on the posterior arm the 
inner are commonly 2 and the outer 4(3-++4) as in Himerometra. 

In genera and species characterized by the presence of I1Br series of 4(3+-4) 
in which IIIBr series occur these latter are often much more stable and more re- 
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liable for systematic purposes than the IIBr series, as is well illustrated in the 
genera Nemaster, Capillaster, Comaster, Comanthina, Comantheria, Comanthus, 
Himerometra, and Heterometra. 

In none of the comatulids are the IBr series, the oldest and presumably the 
most primitive of the division series, of more than two ossicles normally, but two 
cases have been reported where they were 4(3-+4). One of these was in a specimen 
of Heterometra quinduplicava (“Antedon anceps”) recorded by Carpenter, the 
other in a specimen of Comanthus parvicirra recorded by Hartlaub. I have per- 
sonally verified both of these observations on the original specimens. 

In many of the multibrachiate species of the Comasteride it not infrequently 
happens that division series of six or even of eight ossicles occur in which the two 
outermost are united by syzygy. Such aberrant division series always consist of 
a series of paired elements, of which the distal invariably bears a pinnule, and 
there is never any difficulty in homologizing them with division series of the 
usual type. 


Systematic distribution of the division series of 4(3+ 4). 


Whereas all comatulids excepting the species of Thauwmatocrinus, Pentametro- 
crinus, and Atopocrinus have at least one division series of 2, the division series of 
4(3+-4) are restricted in their occurrence entirely to the Oligophreata, where, how- 
ever, they are found more or less commonly in a considerable number of genera. 

In the Comasteride II Br series of 4(3-++-4) are found in Capillaster, Nemaster, 
Comaster, Comanthina, Comantheria, and Comanthus; in the Zygometride in all 
but one of the species of Zygometra, and in all but one of the species of Catopto- 
metra; in the Himerometride in all the species of all the genera except Amphi- 
metra; in the Colobometride in Petasometra only; in the Calometride in Oreo- 
metra only; in the Thalassometride in Oceanometra, Crotalometra, and a few 
species of 7'halassometra; and in the Charitometride in Crossometra, Perissometra, 
Pachylometra, Glyptometra, and in most of the species of Crinometra. 

In the Macrophreata there is a record of an 11-armed specimen of Antedon 
bifida in which the single IIBr series was 4(3+-4). 


Capillaster and Nemaster. 


In the species of Capéllaster (figs. 158, p. 83; 1022, pl. 9; 1026, pl. 10; 180, 
p. 92; and 181, p. 94) and Memaster (fig. 182, p. 96) the IBr series are 2 and the 
IIBr series 4(3-++4), exceptionally 2; but the following series are always 3(2+3), 
while on the free undivided arms there is only a single brachial preceding the first 
syzygial pair. 

It is evident that here the first ossicle of the first brachial pair has been 
suppressed, and with its suppression has gone the suppression of its counterparts 
in the third and following division series. 

In Capillaster and Nemaster the arms arising from the IBr axillaries always 
have both elements of the first brachial pair present, and also the division series 
arising from the same axillaries are always 4(3+4) or 2, never 3(2+8) ; but in 
both arms and division series arising from the IIBr and subsequent axillaries the 
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first element of this pair is always missing, so that the latter are 3(2+3), or 
occasionally 1. 

The suppression of the first element in the first brachial pair and its redupli- 
cations occurs from the pair immediately following the IIBr axillary onward, 
regardless of whether the pairs be incorporated in a division series or form the 
basis of an arm. The division series and arms following I1Br series of 2 do not 
differ from those following IIBr series of 4(3+-4). 

In Capillaster and Nemaster we have normally IBr series of 2; I1Br series 
of 4(3+4), rarely of 2; I11Br series (in which the first ossicle is suppressed) of 
3(2+8), or 1. In addition to these we sometimes find division series of 2(1+2) 
where in the I1Br series the two ossicles have been exceptionally closely joined, 
and where in the I1IBr and fol- 
lowing series of the normal type 
4(8+4) both elements of the first 
pair have been suppressed, leav- 
ing a division series composed of 
the syzygial pair only, 2(1+2). 
In the arms as well as in the outer 
division series both elements of 
the first brachial pair may be 
omitted, so that the arms may be- 
gin with a syzygial pair. 

Bearing in mind the relative 
instability of division series of 
more than two elements as a re- 
sult of the constant tendency to 
a reduction in the number of 
their elements to the more primi- 
tive two, and the fact that no 
fewer than five types of division Vic. Tae pre Sa ea oF EvupIo- 
series, 4(8-+4), 3(2+3), 2(1+2), 

2 and 1 are of normal occurrence in these genera, we are prepared to find individ- 
uals of the component species in which extraordinary variability occurs. 

P. H. Carpenter records a specimen of a species of Vemaster closely allied 
to V. ribiginosa which was dredged by the Blake in the Caribbean Sea in which 
the I1IBr series are 1, and the IVBr series may be 1, or 2(1+2); the second 
and third brachials are usually united by syzygy on the outer arms of each ray, 
and sometimes also on the adradial arm which is on the inner side of each ITBr 
series; but the other arms generally have the first two brachials united by syzygy. 

The explanation of this condition is very simple. Whereas usually the 
IiBr and IVBr series in this genus are 4(3+4) minus the first ossicle, leaving 
3(2-+3), in this case they are 2 minus the first ossicle, leaving 1; the IVBr series 
. of 2(1+2) are series of 4(3+4) minus the first two ossicles; and this feature is 
characteristic of most of the arms where both of the elements of the first brachial 
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pair are suppressed, leaving the first syzygial pair, composed of the third and 
fourth brachials, at the base of the arm. 

In a specimen of Nemaster iowensis (which I originally called Vemaster 
irregularis) from Dominica the IIBr series are 4(38+4), and the IIIBr series 
usually 1, rarely 2(1-++2). 

In a magnificent specimen of Capillaster marie which I dredged in Kago- 
shima Bay one of the IIBr series is 4(8-++4), one is 2(1-++2), four are 2 and three 
are 1; of the [11 Br series one is 
4(8++4), three are 3(2+3), two 
are 2(1+2), and one is 2; usually 
the second and third brachials 
form the first syzygial pair, but 
sometimes the first and second. 

In a 28-armed specimen of 
Capillaster multiradiata from 
Ruck, Caroline Islands, recorded 
by Hartlaub, two of the I1Br 
series are 4(3-+4) and eight are 
2(1+2); the I[Br series of 
2(1+2) are commonly followed 
by I1IBr series of 3(2+3), with 
one of 4(3-+-4) in which, as oc- 
casionally happens, the first ossi- 
cle has not been suppressed. 

A specimen of Capillaster 
multiradiata from the Malay 
Archipelago in 160 fathoms has 
the details of the arm division as 
follows: 

Ray 1: Two IIBr series; that 
to the left (viewed dorsally) bears 
outwardly (on the left) a I11Br 
2 series and inwardly (to the 
right) an undivided arm; both of 
Wie. 191.—Larprau wea oe are SPECIMEN OF EUDIO- the yndivided arms arising from 

CRINUS VENUSTULUS, 

the IJIBr series have the first 
syzygy between the second and third brachials, but the (internal) undivided arm 
arising from the IIBr series has the first syzygy between the third and fourth 
brachials ; the I1Br series to the right bears inwardly (toward the left) an un- 
divided arm, in which the first syzygy is between the third and fourth brachials, 
and outwardly (toward the right) a 11IBr 5(4-++5) series, the two derivatives from 
which have the first syzygy between the second and third brachials. The total 
number of arms on this ray is six, arranged in 2, 1, 1, 2 order. 

Ray 2: Two IIBr 2 series; that to the left bears two undivided arms, in 
which the first syzygy is between the third and fourth brachials; that to the right 
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bears inwardly (to the left) a III Br 4(3+4) series, both derivatives from which 
have the first syzygy between the second and third brachials, and outwardly (to the 
right) an undivided arm in which the first syzygy is between the third and fourth 
brachials. The total number of arms on this ray is five, arranged in 1, 1, 2, 1 order. 

Ray 3: Two IIBr 2 series: that to the left bears externally (to the left) an 
undivided arm, in which the first syzygy is between the second and third brachials, 
and internally (to the right) two I11Br series, all four derivatives from which 
have the first syzygy between the second and third brachials; the I] Br series to the 
right bears two undivided arms, in which the first syzygy is between the second 
and third brachials. The total number of arms on this ray is seven, arranged 
in 1, 4, 1, 1 order. 

Ray 4: One of the I1Br series, that to the right, is 4(3+-4), the other, that to 
the left, 2; the I1Br 4(3+-4) series bears two I1IBr 3(2+3) series; in the four 
derivatives from these the first syzygy is between the second and third brachials 
in all cases except on the innermost (farthest to the right) arm where it is between 
the fifteenth and sixteenth brachials; the I1Br 2 series bears two IIIBr 2 series; 
of these, the inner (to the left) bears two IVBr 3(2+3) series; the outer 
(to the right) bears inwardly (to the left) a IVBr 3(2+3) series and outwardly 
an undivided arm. In all the derivatives from this I1Br 2 series the first 
syzygy is between the second and third brachials. The total number of arms on this 
ray is 11, arranged in 2, 2, 4, 3 order. 

Ray 5: Two IIBr 2 series; that to the left bears externally (to the left) an 
undivided arm and internally (to the right) a I1IBr 3(2+3) series; that to the 
right bears internally (to the left) an undivided arm and externally (to the right) 
a IIIBr 2 series, which bears internally (to the left) a IVBr 4(3+4) series and 
externally an undivided arm. All the first syzygies in the arms of this ray are 
between the second and third brachials. The total number of arms on this ray 
is seven, arranged in 1, 2, 1, 3 order. 

On the arms on which the first syzygy is between the second and third 
brachials the first brachial always bears a pinnule; but on the arms on which 
the first syzygy is between the third and fourth brachials the first pinnule is on 
the second brachial. 

In this specimen all but one of the IIBr series are 2, while of the ten I1IBr 
series present five are 2, three are 3(2+3), one is 4(3+4), and one is 5(4+5). 
In the 36 arms the first syzygy is between the second and third brachials in 29, 
between the third and fourth in six, and between the fifteenth and sixteenth in one. 

Tabulation of the postradial series of this aberrant individual gives the fol- 
lowing: 
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Comatella, Neocomatella, and Paleocomatelia. 


In the genera Comatella (figs. 152, 154, 156, 174, pp. 83, 89), Neocomatella, and 
Palwocomatella a curious condition occurs. Typically only the outer derivative 
from each axillary bears a division series, the inner remaining undivided. Care- 
ful examination shows that on these inner undivided branches the first two 
brachials are always united by syzygy, while the following brachials are united 
by muscular articlation. Thus following the last axillary we find on the inner 
side an arm which begins with a syzygial pair and on the outer an arm beginning 
with a pair of ossicles united by synarthry (often replaced by a syzygy) followed 
by a pair united by syzygy. 

The only possible interpretation of this condition is that, considering only 
the outer derivatives from each axillary, there occurs the structure normal for 
species in which the division series are all of two elements; but considering the 
inner derivatives from the same axillaries, the division series themselves act 
also as the first brachial pair of each of the arms, which therefore appear to begin 
with a syzygial pair. 

Thus while in Capillaster and Nemaster normally the first element of the 
pair of ossicles immediately succeeding the IIBr and all following axillaries is 
suppressed, and sometimes both elements are wanting, in Comatella, Neocomatella, 
and Palewocomatella normally both the elements of the pair of ossicles immedi- 
ately succeeding the IIBr and all following axillaries are suppressed on the inner 
derivative, though both are present on the outer. 

In the species of Comatula with more than 10 arms (figs. 121, p. 79, and 
1020, pl. 8) the arm division appears to be similar to that of Comatella. 

There is in the British Museum a curious example of Capillaster multiradiata, 
unfortunately without data, in which three of the IIBr series are 2, the other 
two being 4(3-+4); each of the latter bears a IIIBr 3(2+3) series; the I1Br 2 
series may be immediately followed by a syzygial pair (the normal third and fourth 
brachials), or they may giye rise to undivided arms in which the first syzygy is 
between the second and third brachials. 

Thus this specimen presents the characteristic features of the arm division 
of Comatella combined with those of the arm division of Capillaster. 


Distal arm division. 


In Metacrinus (figs. 161, 162, p. 83) the first brachial pair as defined in the 
preceding pages immediately follows the radials as in the Pentametrocrinide 
and in Atopocrinus, but beyond this, at increasingly long intervals, the arms 
divide many times. 

This type of arm division does not occur regularly in any of the recent 
comatulids, but is found as a not uncommon sporadic variant in many of the 
Oligophreata, and rarely in the Macrophreata, instances being recorded in 7'ropio- 
metra picta (fig. 178, p. 89), where it is not unusual, Dichrometra déderleini (fig. 
1027, pl. 11), Catoptometra ophiura, Antedon bifida, and Thaumatocrinus, sp., 
in the last occurring twice in a single arm. 
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As will be explained later, each pinnule is in origin an atrophied arm, and 
arm branching of this type merely indicates that a pinnule has more or less 
completely reverted to its original intent. 


Nomenclature of the different types of post-radial structure. 


When the postradial series are undivided and the first brachial pair imme- 
diately follows the radials, as in the Pentametrocrinidee and in Atopocrinus, the 
arms are said to possess Simple Arm Structure. 

All the 10-armed species, except those included in the genus 7’ haumatocrinus, 
together with the species of Promachocrinus and Eudiocrinus, in which the first 
brachial pair at the base of the free undivided arm is preceded by a single 
reduplication of itself (the IBr series), are said to have Simple Interpolated Arm 
Division. 

Species with more than 10 arms and with all the division series 2 or 4(3-++4) 
and the first brachial pair present at the base of the free undivided arms are 
said to have Multiple Interpolated Arm Division. 

This multiple interpolated arm division may be Primary, where all the 
division series are 2, or it may be Secondary, where more or fewer of the division 
series are 4(3-+4). 

When the first element of the first brachial pairs and their reduplications 
is absent from all the pairs beyond the IIBr axillary, as in Capillaster and 
Nemaster, the postradial series are said to possess Defective Interpolated Arm 
Division. 

When the external arms on each axillary arise through multiple interpolated 
division, but the internal arms lack the first brachial pairs, as in Comatella, 
Neocomatella, and Palewocomatella, the postradial series are said to have Compound 
Interpolated Arm Division. 

Metacrinus, in which the first brachial pair is represented by the first two 
ossicles following the radials, but in which the arm divides several times distal 
to it at irregular intervals, is said to possess Simple Extraneous Arm Division. 

Such genera as /socrinus and Pentacrinus (Extracrinus), in which the first 
or first two division series are interpolated, but all those following extraneous, are 
said to possess Heterotypic Arm Division. 


ADOLESCENT AUTOTOMY AND THE REDUPLICATION OF THE ARMS. 


Young of the Comatulids. 


In the young of the species of Hudiocrinus and of the Pentametrocrinide the 
arms from their first inception grow continuously and uninterruptedly during 
the life of the individual, though in the adults the addition of new brachials, 
which takes place at the arm tips, proceeds very slowly. 

Likewise, in the 10-armed species the arms, forking soon after their first 
appearance, continue to grow uninterruptedly throughout the life of the individual. 

In all the comatulids the arms almost from the very first exhibit all the 
essential characters of the arms of the adults, and the only change that takes 
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place in the brachials and pinnulars is a shortening and broadening, combined 
with the gradual appearance of the adult ornamentation if any be present. 

The young of the multibrachiate comatulids are also 10-armed until a con- 
siderable size is reached, structurally agreeing in every way with the young of 
the permanently 10-armed forms. 

I have examined the 10-armed young of Capillaster multiradiata, Comanthus 
pinguis, C. japonica, C. parvicirra, Himerometra martensi, and Stephanometra 
monacantha, and of numerous other species belonging to the Comasteridx, Zygo- 
metride, Himerometride, Mariametride, Colobometride, Calometride, Thalasso- 
metride, and Charitometride. 

In the case of the 10-armed young of the species of Himerometra generic 
determination is very easy, as the characteristic enlarged proximal pinnules are 
conspicuous from the first; and the same is true of the 10-armed young of the 
species of Stephanometra, in which the distinctive spiniform proximal pinnules 
appear at a very early age; but in the great majority of the multibrachiate species 
specific determination of the young is in general only possible by inference, based 
upon the association of the young with the adults, since the structure of the free 
undivided arms and of the pinnules which they bear varies but little within broad 
groups, and the division series upon which we depend for the determination of 
the adults are lacking. Furthermore, as in the proximal pinnules, which do 
not appear until several of the outer pinnules have been formed, P, appears 
before P,, and P, appears before P,, the characteristic enlargement of P, in such 
types as Lamprometra and of P, in various species of Heterometra and Dichro- 
metra is naturally relatively late in becoming evident, for P, attains a considerable 
growth before P, and P, are formed, and it is some time before they overtake it. 

The postradial series of these 10-armed young of multibrachiate types in 
every way resemble those of the adults, except that all the division series lying 
beyond the IBr series are lacking, and the free undivided arms, 10 in number 
and strictly comparable with the free undivided arms of the adults, arise directly 
from the IBr axillaries instead of being separated from them by a greater or 
lesser number of ossicles. 


Interpolated division series. 


Since the free undivided arms of the 10-armed young are identical in structure 
with those of the adults, but arise directly from the IBr axillaries without the 
intervention of division series, it is evident that the postradial structure of the 
adults differs from that of the young in the interpolation of numerous ossicles 
in the form of division series between the IBr axillaries and the bases of the 
original 10 arms, together with a reduplication in the number of the arms (see figs. 
140, 142, 144, 146, 149, 151, 158, 155, 157, 159, p. 83; 166, 167, 168, 170, 172, p. 86; 
174, p. 89; 1015, 1016, pl. 6; 1018, pl. 7; 1019, 1020, pl. 8; 1021-1023, pl. 9; 1024 
1026, pl. 10; and 1029, pl. 11). 
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Process of arm veduplication, 


The original 10 arms are composed of numerous brachials and terminate in 
a growing point, which continually adds new brachials, while in the adults there 
are never more than four, and usually only two, segments in the second and 
following division series. Obviously, therefore, the second and following division 
series can not be formed by the branching of the growing point. 

This leaves two possibilities—the proximal pinnules may transform into 
arms, or the original 10 arms may break off at the base, and from the stumps 
division series bearing new arms similar to those lost may arise. 

Pinnules have never been observed to transform into arms. It is true that 
they may sometimes be replaced by arms, but in that case the supernumerary 
arm is a true arm from its very first inception. 

If the first pinnule did transform into an arm, thereby forming a division 
series of two ossicles, the original first two brachials, it would necessitate the for- 
mation upon it of an ambulacral groove with the lappets, tentacles. nerves, and 
correlated structures, the conyersion of the first brachial syzygy into a synarthry, 
the transformation of the muscular articulation between the fifth and sixth 
brachials into a syzygy, a radial change in the structure of the first inner pinnule, 
now become the first outer pinnule of the inner arm, including the loss of the 
ambulacral organs, and a radical change in the disposition of the syzygies through- 
out the arm, as the syzygies are always farther apart and more irregularly dis- 
posed in multibrachiate than in 10-armed species, or in 10-armed young. Similar 
and even more extensive changes would be necessitated by the development of the 
first inner pinnule into an arm to form a division series of four elements. Such 
changes are morphologically impossible; and moreover they could not occur with- 
out being readily traceable. 

We are therefore compelled to accept the alternative hypothesis that the 
original arms are cast off and from the stumps entirely new division series and 
arms grow out to replace them. 

It has been frequently observed in several different species normally or ordi- 
narily 10-armed that if one arm be lost at the base, a pair of arms will regenerate 
from an axillary growing out from the stump, and that these arms will eventually 
become exactly like the others except for the somewhat greater intervals between 
the syzygies and the slightly shorter brachials. 

Very exceptional in Antedon bifida, and, so far as we know, never occurring 
in A. mediterranea or in A. adriatica, and reported but once or twice among all the 
other macrophreate species, the tendency to develop additional arms after basal 
fracture may be traced through easy stages in the Thalassometride, Charito- 
metridie, Calometrida, Himerometridie, or Colobometridx, the percentage of fre- 
quency of cases rising, species by species, until we find forms in which one or more 
TIBr series are invariably found; and similarly there is no break in the chain be- 
tween species having ordinarily from 10 to 15 arms and those having from 15 to 20 
or 30. Indeed, certain individual species may cover almost this entire range, though 
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most forms are definitely and rather narrowly limited. From the 30-armed 
species it is but a step to those with 40 arms, and so on up to the highest limit, 
nearly 200. 

The smaller arm numbers, up to 12 or 14, have long been conceded to be the 
result of fracture and subsequent reparation. Since there is a continuous line 
of species possessing all the intermediate arm numbers from 10 to about 200, the 
conclusion, in the absence of evidence to the contrary, is logical that all the arm 
numbers above 10 result from fracture and subsequent repair by division series 
and paired or further multiplied arms, instead of by single arms resembling the 
one lost. 

I have examined a series of specimens of species of Crinometra including 
practically every stage from the 10-armed young to the (usually) 30-armed adult, 
and all of them were increasing the number of their arms by fracture and subse- 
quent reparation. Similar complete series have been studied in Capillaster multi- 
radiata, and in Comanthus parvicirra, and very numerous instances of intermediate 
stages have come to my notice in other species distributed in almost all of the 
multibrachiate genera, so that I have no hesitation whatever in making the 
unqualified statement that any increase in the number of arms over 10 is exclusively 
brought about by the casting off of one or more of the original 10 arms of the 
young and the regeneration in its place of an axillary bearing two arms or further 
division series and arms. 

In many species, including all of those which never develop division series 
further than the second, the original arm, which is usually lost at the brachial 
synarthry, more rarely at the first brachial syzygy, is replaced by an axillary 
bearing two arms only. This is the most primitive type of interpolated multi- 
brachiate condition and is only a slight step in advance of the more or less acci- 
dental assumption of additional arms, as seen in Antedon bifida—a rare latent 
tendency become common and of regular occurrence. 

In the species which have more than 20 arms after the casting off of each 
of the original 10 arms an axillary is formed on the stump from which imme- 
diately grow, by so-called multiplicative regeneration, additional division series 
to the full number, followed by free undivided arms to a maximum number of 
nearly 20. Thus, no matter how large the number of arms in the adult may be, 

‘autotomy never normally occurs but once on each of the derivatives from the 
IBr series. 

The ossicle formed on the stump of a lost arm is always an axillary, and 
it is joined to the stump by the type of articulation which originally united the 
stump to the succeeding ossicle. Thus if the original arm was discarded at the 
synarthry between the first and second brachials, as it most commonly is, the 
resulting division series will be composed of two elements united by synarthry ; but 
if it be discarded at the syzygy between the third and fourth brachials, the result- 
ing division series will be of four elements, of which the two outer are united 
by syzygy—that is, 4(3+-4). 
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original 10 arms, in species with 20 arms autotomy occurs when the original 10 
arms are not much more than three-quarters of the length of the adult arms, 
and in species with more than 40 arms much earlier. Thus in the species with 
comparatively few arms the arms of the adults are often shorter than the arms 
of the fully grown 10-armed young, and they may even be considerably shorter, 
both absolutely and in proportion to the other dimensions of the animal. As the 
arms increase in number the animals progressively decrease in the relative maxi- 
mum size of the 10-armed young, and hence the arms of these 10-armed young 
become absolutely shorter than those of the adults, the difference increasing pro- 
portionately with the increase in the number of the arms. But, relatively, the 
arms of the 10-armed young are always much longer than those of the adults; 
and the greater the number of arms in the adults the shorter do they become in 
reference to the diameter of the disk, and the more do they differ in that relation 
from the arms of the 10-armed young. 

The casting off of the arms in the 10-armed young of the multibrachiate 
species does not occur simultaneously on all the rays, nor do the two arms of 
a single ray drop off at the same time. The original arms are lost one by one, 
and the adult arms are produced successively as the original arms fall off. Thus 
a young multibrachiate comatulid passing from the 10-armed to the adult con- 
dition always exhibits great diversity in the size of the newly formed division 
series and arms, some being nearly or quite fully grown, while others are only 
just beginning to form. I have not been able to ascertain the order in which 
the arms are lost, or whether they are cast off in any regular order at all, as 
material in regenerating stages has not yet been collected in sufficient quantity 
to enable any opinion to be formed on the subject. 

The method of the reduplication of the arms in the multibrachiate coma- 
tulids by the peculiar and economically wasteful process of discarding the juvenile 
arms at the brachial synarthry or at the first brachial syzygy, and subsequently 
regenerating from the stump an axillary with sometimes additional division series 
bearing two or more arms, each of which is in every way like the one which they 
replace, was worked out by the present author as given in detail here. But I 
afterwards found that Wilhelm Minckert in 1905 had arrived at exactly the same 
conclusions by a somewhat different. process of reasoning. P. H. Carpenter on 
more than one occasion seems to have felt the possibility of the existence of such 
a process, but he was never sure enough of his ground to permit himself to express 
the idea in so many words; and it remained for Minckert, working on the Blake 
material previously reviewed in part by Carpenter, first to show how the redupli- 
cation of the arms in the comatulids is brought about. 


Phylogenetic sequence of the arms on each ray. 


A very conspicuous characteristic of Lamprometra protectus and Pontiometra 
andersoné (figs. 275-277, p. 218), well illustrated also in various other multibrachiate 
species, is that the proximal pinnules on the outer side of the outer arms on each 
postradial series exhibit the features distinctive of the species to a markedly 
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greater degree than do the pinnules on the inner arms, which are of a more 
generalized type. 

Since the specialized specific characters are most pronounced on the outer arms 
on each IIBr series, which thereby depart most widely from the primitive type, 
it is a logical assumption that these outer arms represent a phylogenetical advance 
over the inner arms. It has already been mentioned that they commonly bear an 
additional axillary. 

Further evidence of the advance in development of the outer arms over 
the inner is found in the curious Comatula etheridgei (part 1, fig. 78, p. 181), 
which may possibly be the young of C. rotalaria. In this species the outer arms 
arising from each II Br axillary are always much smaller than the inner and always 
show evidence of undergoing rapid growth. Thus 
in this form the outer arms are ontogenetically 
of later development than the inner arms; and it 
may be assumed that, maturing at a much later 
period, they will exhibit any features character- 
istic of the species in a more perfected form than 
the inner arms. 

Therefore, in 20-armed species with four arms 
on each postradial series the evidence seems to 
show that the two outer arms are more advanced 
than the two inner (figs. 176, 177, p. 89). 

In Lamprometra protectus and in Pontio- 
metra andersoni, when 40 arms are present, eight 
on each postradial series, it is noticeable that, 
whereas the proximal pinnules on the outer side 
of the outermost arms are the most developed, 
those on the outer side of the innermost derivative 
from each I1Br series are much more developed 
than the arms between these and the outermost 


arms (the intermediate 30-armed stage is shown 
Fig. 196.—LATERAL VIEW OF TYPE SPECI- ; 4 
MEN OF MARIAMETRA TURPERCULATA. a fig. 78, D 89). 





Tracing the relationship still further, it is 
easily ascertained that while the phylogenetic status of the arms on postradial 
series with four ultimate branches (the number 1 representing the most perfected 


type) is 
DD) AND evi 


and on postradial series with eight ultimate branches 
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on postradial series with 16 arms it is 
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each group of four arms tending to act as an independent unit. 
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In Heterometra and Craspedometra the phylogenetic sequence of the arms 
appears to be reversed, and this coincides with the frequent occurrence in these 
types of additional division series on the inner derivatives from each I Br series. 

While each of the arms in a comatulid is an exact counterpart of another arm 
on the same ray, and the arms are therefore paired appendages in the strictest 
sense of the word, they are not paired, except for the two arising from the IBr 
series, with the arms on the same axillaries. 


Ontogenetical, phylogenetical, and morphological sequence of the first brochial pairs and their redupli- 
cations. 


The simplest arm structure found among the comatulids occurs in the genera 
Thaumatocrinus, Pentametrocrinus, and Atopocrinus, in which the first brachial 
pair immediately follows the radials and the Zpanis 
succeeding brachials are arranged in a linear = Ef; ' 
series, 

Though this arm structure is theoreti- 
cally the simplest, it is probably not the most 
primitive, for in no other genera of the 
Articulata does it recur, though many of 
these genera are undeniably more primitive 
than Thaumatocrinus, Pentametrocrinus, and 
Atopocrinus in all other ways. We have 
here apparently a good example of simplifi- 
cation through specialization. 

The most primitive arm structure is 
probably that of the 10-armed comatulids, 
or more properly of those species in which 
a IBr series is present, which is characteristic 
not only of the majority of all the Articulata 
but also of the young of all those which are 
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multibrachiate when adult. The funda- g*% S 197 
mental significance of the presence of the © & oe 

IBr series is further emphasized by the fre- a 

quency of its occurrence in the fossil types H 


not represented in the recent seas, especially 
, Sara Fic, 197.—LATERAL VIEW OF TYPE SPECIMEN OF 
in the Flexibilia. ‘ MARIAMETRA MARGARITIFERA. 

From the standpoint of the crinoids as 


a whole, or of the Articulata as a whole, the occurrence of additional division series 
of itself represents no phylogenetical advance, whatever may be its significance 
within limited groups; the presence of one division series is as fundamental as 
the presence of many. But the presence of additional division series is correlated 
with the extreme atrophy of the calyx plates and the consequent relative increase 
in the size of the visceral mass, both of which have an important phylogenetical 
bearing. 
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In a species having five division series, all interpolated, there are five repe- 
titions of the first brachial pair, plus the first brachial pair itself, making six 
homologous pairs of ossicles between the radials and the free arms from the 
third brachial onward. These may be numbered I, II, Ill, IV, V, and V/, I 
representing the IBr series and VJ the first brachial pair. 

Ontogenetically these appear in the order I, V/, I, IW, IV, V, Vl?, Vi? 
being the first brachial pair at the base of the adult free undivided arm, which 
is an exact reduplication of VJ at the base of the discarded larval arm. 

If the simplest type of arm structure were also the most primitive the phylo- 
genetical sequence of the pairs would be 


Wels LE DOL, LM, Wynd 


since VJ is invariably present, whether the others are present or not. But from 
the all but invariable presence of I in addition to V/ in the crinoid arm it is 
probable that the actual phylogenetical sequence is the same as the ontogenetical 


sequence, both being 
EAT. TEL, VeVi Vil. 


Morphologically VZ is always present. With the appearance of a gap between 
the radial and the arm base as a result of the shrinking of the calyx the appear- 
ance of V is necessitated, and subsequently also of IV, III, IT, and I, so that 
the morphological sequence is 


Wee V, IV. 1, 1P 1 


VI, being of the same morphological value as V/, not appearing. 

The number of arms on each ray which would result from the presence of 
the full complement of division series—a rare condition beyond the I1Br series 
and quite exceptional beyond the III Br series—is, 0 (no division series present), 
1; [Br series, 2; I1Br series, 4; [1] Br series, 8; IVBr series, 16; VBr series. 32; 
VBr series, 64; VIIBr series, 128; 5-rayed comatulids with these series as just 
given would have the following numbers of arms: 0 (no division series present), 5; 
IBr series present, 10; I/Br series, 20; I11Br series, 40; IVBr. series, 80; VBr 
series, 160; VIBr series, 320; and VIIBr series, 640. 


BRACHIALS OF THE FREE UNDIVIDED ARM BRYOND THE FIRST PAIR, 


In the free undivided arms of the comatulids the first two brachials, which 
together, as previously explained, form a single unit, are immediately followed, 
excepting only in the Pentametrocrinide (fig 126, p. 79) and in Atopocrinus 
(part 1, fig. 227, p. 245), by a second pair of much shorter brachials invariably 
united by syzygy, just as the first two are united by synarthry (fig. 128, p. 79); 
then comes, except in the Atelecrinide, a series of short wedge-shaped. brachials 
which are commonly about twice as wide as the median length; after usually 
between the ninth to the twelfth the brachials typically become triangular and 
about as long as broad (fig. 233, p. 193), after the end of the proximal third or 
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fourth of the arm gradually and slowly becoming wedge-shaped again, as a 
result of decreasing obliquity of their ends, and slowly increasing in proportionate, 
though not in actual, length, correlatively with their gradual decrease in diameter, 
so that the terminal brachials are much longer than broad, more or less strongly 


constricted centrally, with their ends almost or quite at right angles to the longi- 
tudinal axis of the arm. 


The distal edges of the 

or less produced and are 
commonly bordered with 
spines, which are usually 
very fine, but which may be- 
come much elongated. On 
the proximal wedge-shaped 
brachials this production of 
the distal edges stands out 
at right angles to the longi- 
tudinal axis of the arm, and 
if very prominent it may be 
accompanied by a_ similar, 
though lesser, production of 
the proximal edges. As the 
brachials become elongated 
the latter, if present, dis- 
appears, and the produced 
distal edges gradually lean 
more and more toward the 
arm tips, so that they over- 
lap more or less the bases of 
the succeeding brachials (fig. 
1140, pl. 22). 

Usually the dorsal sur- 
face of these brachials is 
smooth, but in certain species e 
of Thalassometride, and g # 198 
very rarely in other types, 4 
they may carry numerous 
5 q Fic. 198.—LaTERAL VIEW OF SPECIMEN OF PETASOMETRA CLARX. 
fine spines. On the wedge- 
shaped proximal brachials these spines are thickly massed in a broad band and 
show no definite arrangement, but as the brachials elongate the broad band grad- 
ually resolyes itself into a triangle, of which the base is the dorsal portion of the 
distal borders of the brachials and the apex les in the mid-dorsal line near or at 
the middle of the proximal border, while the spines themselves gradually come 

to arrange themselves in rows parallel to the longitudinal axis of the arm. 


brachials following the first syzygial pair are more 
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In a number of species, especially in the Ptilometrine, the brachials carry 
in the mid-dorsal line a prominent raised keel. On the proximal wedge-shaped 
brachials this keel is of uniform height, but as the brachials increase in length 
the distal outer portion becomes higher and higher and the proximal portion lower 
and lower, so that a high triangular overlapping spine results, the base of which 
coincides with the mid-dorsal line of the brachial which bears it, while the apex 
lies more or less beyond the level of the proximal end of the succeeding brachial. 

The differences between the elements of the first brachial pair and the 
brachials following the first syzygial pair have already been considered. The 
wedge-shaped proximal brachials commonly are more or less intermediate in 
their characters between the first brachial pair and the first syzygial pair and 
the brachials beyond the latter, though always much more like the distal brachials. 

Distributed throughout the arm among the brachials of the usual type are 
pairs of brachials united by syzygy. In the proximal portion of the arm these 
syzygial pairs are always somewhat higher than single brachials, and in some 
cases are twice as high, so that both the hypozygals and the epizygals are indi- 
vidually approximately the equals in size of the ordinary brachials: but distally 
both the hypozygals and the epizygals gradually decrease in relative height, so that 
finally in the outer part of the arm the syzygial pairs come to have quite the 
appearance and size of ordinary brachials. 

In species in which the distal edge of the brachials is strongly produced into 
an overlapping and spinous distal edge or other form of eversion, or in which the 
brachials bear dorsally a prominent spine, the hypozygals of the syzygial pairs 
show a similar though less prominent modification at the line of syzygial union; 
but distally this modification of the distal edges of the hypozygal gradually de- 
creases, so that in the outer part of the arm the distal edge of the hypozygal is 
quite unmodified. 

In the very young, as in regenerating arms or at the growing arm tips, the 
elements of the pairs which are later to become united by syzygy are in no way, 
either through shape, size, or method of articulation, to be differentiated from the 
other brachials. This differentiation is effected at a comparatively late stage of 
brachial development. 

In all of the more primitive comatulid types, in nearly all of the 10-armed 
species, and in the 10-armed young of the multibrachiate forms, the syzygial pairs 
are regularly spaced, alternating with single brachials or, usually, separated by 
from two to four of them, the number being definite for each species. In the 
proximal portion of the arm the first syzygy is between the third and fourth 
brachials, the second between the ninth and tenth, and the third between the four- 
teenth and fifteenth, or, much less commonly, between the fifteenth and sixteenth 
(fig. 1018, pl. 7). In the outer part of the arm the number of brachials of ‘the 
ordinary type between successive syzygial pairs is more or less correlated with the 
size of the species, very small species commonly having the syzygial pairs sep- 
arated by single brachials, larger species having them separated by two or three 


brachials, and the largest species having three or four brachials between the 
syzygial pairs. 


MONOGRAPH OF THE EXISTING CRINOIDS. 129 


Three somewhat anomalous departures from the usual type of brachial struc- 
ture deserve to be noticed here. 

In Atelecrinus (part 1, figs. 123, p. 192, and 124, 125, p. 193) and in Atopo- 
crinus (part 1, fig. 227, p. 245) the series of wedge-shaped or more or less oblong 
brachials which typically intervenes between the first syzygial pair and the triangu- 
lar brachials beyond the second syzygy is , 
absent, and the brachials assume the tri- 
angular form immediately beyond the 
second. 

In the Pentametrocrinide (part 1, figs. 
118, p 181, 119, p. 185) and in Atopocrinus 
the first syzygial pair is separated from the 
first brachial pair by a single brachial. 

Both of these departures from the nor- 
mal type of brachial structure are probably 
correlated with the excessive length and con- 
sequently very rapid growth of the arms. 

In most of the species of Cvosso- 
metra, Perissometra, and Pachylometra the 
eleventh, twelfth, or thirteenth brachial is 
usually sharply differentiated from the 
brachials preceding and succeeding by be- 
ing regularly oblong with its proximal and 
distal articular faces parallel to each other ; 
the transverse ridges on these articular 
faces, however, alternate as usual. 


BRACHIALS OF THE ARMS OF THE MULTIBRACHIATE 
SPECIES. 


In the multibrachiate comatulids (figs. 
241, 243, p. 197, 244-252, p. 199 and 253-261, 
p. 205) the free undivided arms differ from 
those of the 10-armed species (figs. 236-240 
[also 242], p. 197) and the 10-armed young 
of the multibrachiate types in being com- _ ; 5 
posed of shorter brachials which have the a be Palit een BTL We 
ends less oblique and are consequently 
wedge-shaped instead of triangular, and in having the syzygial pairs less numerous 
and less regularly distributed. 

Speaking broadly, it may be said that a species with 20 arms has the brachials 
shorter than one with 10 arms, and wedge-shaped instead of triangular; a species 
with 40 arms has the brachials still shorter and less obliquely wedge-shaped; and a 
species with more than 60 arms has this character still more pronounced. But 
while all the multibrachiate species have the brachials shorter and more wedge- 





130 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


shaped than 10-armed forms, the shape of the brachials is not always strictly pro- 
portionate to the number of the arms. 
The chief exceptions to the broad generalization that the larger the number 
of arms the shorter and more wedge-shaped the brachials are the following: 
Capillaster multiradiata (fig. 261, p. 205) rarely has more than 20 arms, yet the 
brachials are extremely short and discoidal, quite as short as, and frequently shorter 


; than, those of the larger C. sen- 
7: iN tosa (fig. 258, p. 205), in which 
f 0 Hees the arms are much more nu- 


merous; but individual variants 
occur in which the brachials are 
of the shape normal for 20- 
armed species. 

On the other hand, the 
species of Nemaster (fig. 243, 
p- 197) and Neocomatella have 
the brachials rather lone for 
multibrachiate species. 
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tion of additional arms is tak- 
ing place after the full size has been reached, indicating an exceptionally strong 


latent tendency toward increase in the number of arms. As has been mentioned, 
there is commonly an additional axillary on the inner branches from each I1Br 
series. P, is the longest, and is usually best developed on the inner arms. All of 
these features, as well as the very short brachials, appear to suggest that these 
species are descended from others in which the arm number was much greater and 
the arm structure approached that seen in the genus Himerometra (fig. 260, p. 205). 


f ent rays, indicating a marked 
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Heterometra philiberti, which has very numerous arms with very short brachials 
and all the division series except the first 4(3-++4), and ZZ. crenulata, which also has 
very numerous arms composed of very short brachials, possibly approach more or 
less closely the type originally characteristic of the genus. But most of the species 
of Heterometra, like those of Craspedometra (part 1, fig. 85, p. 1389), Himerometra 
and Homalometra, fall within the broad generalization. 

Thysanometra tenelloides, though having only 10 arms, has the brachials very 
short and wedge-shaped proximally, becoming narrowly oblong in dorsal view 
distally. The syzygial pairs, however, are distributed as in normal 10-armed types. 

In the very large species of the Heliometrine and in broad-armed species of 
the Comasterid (figs. 242, p. 197, and 256, p. 205) the brachials show a tendency to 
shorten and to approach the type of brachial typically found in species with I1Br 
series. 

In arms arising from a I1Br or later division series the syzygial pairs are less 
frequent than in arms arising from the IBr series; the first syzygial pair, between 
the third and fourth brachials, is always present, the second is usually absent, the 
third is more or less variable in position, and the distal are separated by from four 
to six or seven or more brachials; often, indeed, they may be separated by long 
intervals, and sometimes they may be almost completely lacking. Thus in a speci- 
men of Cenometra bella at hand, while the first syzygial pair is in all cases present, 
there may be no others in the arm. If there be a second it is composed of the 
forty-second and forty-third brachials (twice), forty-third and forty-fourth, forty- 
fourth and forty-fifth, forty-eighth and forty-ninth, fifty-fifth and fifty-sixth, or 
ninety-first and ninety-second. 

In this connection it is interesting to note that in the Pentametrocrinide and in 
Atelecrinus the distal intersyzygial interval is greater than that usual for 10-armed 
species, and also less’ regular, being from one to six brachials, usually from 
two to five. 


ARM TIPS. 


The comatulid arm ordinarily ends in a growing tip which is slowly adding 
new brachials, together with the accompanying pinnules (fig. 288, p. 221). The 
terminal 12 or 15 pinnules, therefore, are progressively less and less mature and 
decrease gradually in length, the outermost being represented merely by a bud. 
In the adults the rate of growth of the arm is exceedingly slow, and the same 
is true of the terminal pinnules, which retain their relative proportions after all 
growth has practically ceased. 

In the species of Calometride and Ptilometrine (part 1, fig. 46, p. 51), 
especially well illustrated in the latter, the arm ends abruptly with half a dozen 
very short erescentic brachials, this abortive tip being recurved and more or less 
concealed between the outer pinnules. The terminal pinnules, like the terminal 
brachials, decrease very rapidly in length, so that the subterminal pinnules exceed 
them and when the pinnules are closed together reach several millimeters beyond 
the arm tip giving the arm the appearance of having been broken off. A greater 
or lesser approach to this condition is seen in the Tropiometride (fig. 291, p. 221) 
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and in the species of those genera of Thalassometrine in which the arms are 
relatively short, as for instance Stenometra and Daidalometra. 

The abruptness of the distal termination of the arms seems to bear a more or 
less definite relation to their relative length, and to have no other significance. 
Species with very long and slender arms have the arm tips tapering very slowly 
and the pinnules decreasing in length very gradually, but in species with short and 
robust arms the arms terminate very abruptly and the terminal pinnules decrease in 
length very rapidly. A considerable difference in this respect is noticeable be- 
tween Antedon adriatica and A. petasus within the same genus. 

Even in the Ptilometrine and Calometride where the abruptness of the 
termination of the arms reaches an extreme it is a character assumed at a relatively 
late stage and is never indicated in the 10-armed young, or in the young of 
10-armed species before they are at least half grown. 

The posterior arms of the Comasteride when ungrooved are peculiar in 
ending definitely in an axillary ossicle which bears two distal pinnules, one on 
either side (fig. 1034, pl. 12, and part 1, fig. 47, p. 81). 


PINNULES, 
General features. 


The pinnules of the comatulids are of three types, each type occupying a 
definite location on the arm and being, in its perfected form, entirely distinct 
from the other two (figs. 281, 282, p. 215, and part 1, fig. 1, p. 60). The first 
type is usually somewhat sharply differentiated from the second, though in many 
of the higher forms there is more or less intergradation. The second type always 
changes more or less gradually over into the third. 

These three types are: 

(1) The Oral or Proximal Pinnules; these occur on the first two to twelve 
brachials (figs. 262-273, p. 207 ; 274, 277-280, p. 213; figs. 281-287, p. 215), and their 
function is to serve as tactile organs (fig. 277, p. 213), or to protect the disk (figs. 
270, 271, 278, p. 207). 

(2) The Genital or Middle Pinnules; these follow the oral pinnules and bear 
the gonads (figs. 281 282 p. 215). 

(3) The Distal Pinnules; these occupy the outer part of the arm and serve 
chiefly as food collecting organs (figs. 281, 282, p. 215). 

In life the oral pinnules, when flexible, are bent forward and downward, so 
that they form a sensitive network over the disk (fig. 1044, pl. 12). If rigid they 
extend inward and more or less upward so that the disk is roofed over by a strong 
network from which sharp points protrude. The oral pinnules on each arm are 
always parallel to each other, and only move in a plane parallel to the dorso- 
ventral plane of the arm. 

The lower genital pinnules on either side of the arm are in parallel planes 
and extend outward more or less at right angles to the arm with their distal 
portion usually curved broadly upward toward the arm tip, but the succeeding 
genital pinnules begin to lean outward, and this step by step increases until the 
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outer genital pinnules, like the distal pinnules, lie horizontally in a plane at right 
angles to the dorsoventral plane of the arm (fig. 1071, pl. 16). 

The genital and distal pinnules can be folded inward until they almost or 
quite meet and then laid back along the arm so that they form a covering over 
the soft ventral surface. 

Pinnules always occur on the opposite sides of succeeding brachials, so that 
they alternate regularly all along the arm (fig. 1030, pl. 12). They never occur on 
the hypozygals of syzygial or of 
synarthrial pairs, nor upon 
axillaries. 

Usually the pinnules taper 
gradually, slowly, and evenly 
from the base to the tip, but in 
certain species in which the 
adambulacral plating is highly 
developed, as in the species of 
Ptilometrine and Calometride, 
they may end abruptly with 
a few small segments much as 
the arms do in the same types 
(figs. 351-593, pp. 235-303). 

In viewing a single arm of 
almost any 10-armed species 
with the pinnules extended, 
the elongate oral pinnules are 
seen to be very conspicuous, and 
the change from these to the 
short lower genital pinnules is 
very abrupt. ‘The following 
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genital pinnules slowly increase gS 
in length until the lower distal te en 


pinnules are reached, after 
which the same length is usually a 
maintained until near the end fic. 201.—LarTeraL VIPW OF SPECIMEN OF CALOMETRA SEPARATA. 
of the arm, when the length de- 

creases with more or less rapidity, so that the distal end of the arm is more or less 
broadly rounded. The slenderness and delicacy of the pinnules and their very con- 
siderable number give the arms much the appearance of delicate feathers (figs. 
262-287, pp. 207, 213, 215). 

As a general rule, the pinnules of the oligophreate species (figs. 262-280, pp. 
207, 213; 283-285, p. 215) are shorter and stouter than those of the species of the 
Macrophreata (figs. 281, 282, 286, p. 215). 

Proportionately with the increase in the number of arms the length of the 
pinnules decreases, so that in the highly multibrachiate forms they are usually 
relatively very short (figs. 270-273, p. 207; 274-277, p. 213). 
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In the Ptilometrinee and in the Calometride, as well as in the short-armed 
genera of the Thalassometrine, the arms end very abruptly with sharply recurved 
tips, and the terminal ‘pinnules decrease in length very rapidly, so that the sub- 
terminal pinnules extend for some distance beyond them (figs. QT; p2183 285, 
p. 215; and part 1, fig. 46, p. 81). Thus when the arm is extended the tip shows 
a broad V-shaped gap, with a blunted apex resting upon the subterminal brachials. 


The first two segments of the middle and outer pinnules, and often also of 
the proximal pinnules, are always 


shorter than those following (figs. 

1059, 1063, pl. 14). The first is 

= usually between two and_ three 

times as broad as long and more 

| or less erescentic in outline; the 

f second is trapezoidal, usually 

about as long as the proximal 
(greater) width. 

It is at the well-developed 
articulation between these two os- 
sicles that the flexion and exten- 
sion of the pinnules takes place. 
In some forms, more especially in 
the Oligophreata, a considerable 
amount of motion may be possible 
between the more distal pin-. 
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If the third and following pinnulars have strongly projecting or spinous distal 
ends or a spinous dorsal surface, or if they are greatly elongated, or greatly attenu- 
ated, or very short, or even if they are sharply triangular with a knifelike or 
spinous dorsal keel, the first two pinnule segments always remain practically 
unchanged. Their correlation is not with the succeeding pinnulars, but with the 
brachials, and therefore any variation in them is quite independent of the condi- 
tions in the other segments. 

The third and following pinnulars gradually increase in length, at the same 
time gaining in individuality, and the pinnule finally terminates in a definite tip 
(fig. 345, p. 229). As in the case of the brachials, and especially of the cirri, when 
the outer pinnules are greatly elongated their ends tend to become swollen so that 
they often develop greatly expanded articulations. 

The distal ends and the dorsal surface of the first two pinnule segments are 
always smooth, and the same may be true in regard to all the other segments. 
Almost always, however, the distal edge of the third and following segments is 
more or less everted, overlapping the bases of the succeeding segments, and finely 
spinous (fig. 325, p. 227). This character is least marked on the third segment, and 
gradually increases in prominence distally, as a rule coincidently with the develop- 
ment of fine spinelets on the dorsal surface of the segments. The extent of the 
occurrence of spines on the distal ends and on the dorsal surface of the pinnule 
segments (excepting usually those of the oral pinnules) is strictly correlated with 
the exactly similar development of spines on the distal edges and on the dorsal 
surface of the brachials, so that species with smooth arms have smooth pinnules, 
and species with spinous brachials have spinous pinnule segments. The spinosity 
of the segments of the oral pinnules is correlated with the condition of the division 
series and first brachial pair, and not with the condition of the outer brachials. 

The two to four terminal pinnule segments are always armed dorsally with 
from two to six or eight or more recurved hooks (figs. 351-593, pp. 235-303), and 
part 1, figs. 48-52, p. 81), no matter how smooth the rest of the pinnule may be. 
These reach a maximum development in the Comasteride, especially in the sub- 
family Comasterine (figs. 351-363, p. 235, 364-371, p. 237, 372-385, p. 243, 387-389, 
397, p. 245, 414-421, p. 255, 422, p. 257, and part 1, figs. 51, 52, p. 81), and give to 
many of the species in that family, as is well illustrated by Comanthus samoana, 
and by many of the species of Comaster, a characteristically rough or dry feeling. 

The stiffening of the pinnules, as seen in the oral pinnules of very many 
oligophreate species (figs. 270, 271, 273, p. 207), and in all the pinnules in the 
Calometride and Ptilometrine (figs. 280, p. 213, and 285, p. 215), and in most of the 
Thalassometrine (figs. 283, 284, p. 215) and Charitometride, comes about through 
the reduction of the bevel on either side of the transverse ridge of the articulations 
which limits the possible motion. In spinelike pinnules, such as the oral pinnules 
of Stephanometra (fig. 273, p. 207), the two halves of the joint face on either side 
of the median ridge lie in the same plane, thus rendering the pinnule rigid, as all 
intersegmental motion is prevented. Conversely the enormous flexibility seen in 
the oral pinnules of the Comasteride and Heliometrine (figs. 544-546, p. 289), and 
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of Voccometra and T hysanometra, results from the shortness of the many component 
segments, combined with the very strong bevel of their articular faces on either 
side of the fulcral ridge, these two features causing the pinnulars to appear hex- 
agonal in dorsal view or, if they are very short, rhombic. 

In many of the species of Comasteride the pinnules on the arms arising from 
the posterior rays, and often also on more or fewer of the arms arising from the 
other rays, lack the ambulacral grooves and associated structures (fig. 1037, pl. 12). 

This is also true of the genital pinnules on all of the arms in certain species of 
Charitometride (figs. 1055, 1057, 1058, pl. 14). 

A curious condition occurs in Comatulella brachiolata (pl. 50, fig. 1832). . All 
of the arms possess ambulacral grooves, but in the proximal portion of the arms 
single pinnules, or groups of two or sometimes of three, occur without grooves, and 
in the outer part of the arms occasional grooveless pinnules are found which are 
at once recognizable because of their greater stoutness. These grooveless pinnules 
are capable of being coiled dorsally, and they are commonly found wrapped about 
the organism to which the animal is clinging, quite after the manner of cirri. 

The pinnules of the macrophreate species are always cylindrical, and circular 
in section or slightly flattened and more or less elliptical; but among the oligo- 
phreate forms there is always a tendency to develop a longitudinal ridge along the 
outer surface just distal to the median line. In the Calometride (figs. 336, 339, 
p. 229), Thalassometride (figs. 337, 338, 343, 344, 350, p. 229), and Charitometride 
all the pinnules are affected and have assumed a strongly prismatic form and tri- 
angular cross section (fig. 659, p. 329, and part 1, fig. 54, p. 81), with a sharp median 
ridge which may be more or less serrate. In the Tropiometride the oral and genital 
pinnules are more or less prismatic, but not the distal, while in the other families 
only the oral pinnules are modified, and these as a rule only slightly, showing a 
tendency to develop long processes or spines on the distal ends of the segments at 
the angles of the prism (fig. 315, p. 227), a ridge on the earlier pinnulars (figs. 267, 
268, p. 207), or, in the Comasteride, a terminal comb formed by the elongation of 
one or both of the basal angles of the prism (figs. 594-657, pp. 309-327, and part 1, 
figs. 56-58, p. 83, and 59, 60, p. 85). 

In the comatulids with 10 or more arms in which one or more division series 
are present, and in those forms with undivided arms in which there are no IBr 
series, the pinnules are arranged in pairs beginning with the first, so that the char- 
acter of the pinnule on the second brachial is repeated in the first pinnule on the 
other side of the arm, the character of the pinnule next above the first on the outer 
side of the arm is repeated in the second pinnule on the inner side of the arm, and 
so on. With the gradual loss of individuality in the genital pinnules this paired 
arrangement becomes less evident, and there is no trace of it whatever in the distal 
portion of the arm where exactly similar pinnules follow each other alternatingly 
to the arm tip. 

In the genus Eudiocrinus, in which there are but five arms, though 
IBr series are present, the first pinnule takes the place of the additional arm 
in the 10-armed forms (part 1, fig. 83, p. 186). The next pinnule, on the 
other side of the arm, is the first pinnule of the 10-armed species; but this pin- 
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on the next pinnule on the opposite side of the arm, the pinnule corresponding to 
P, in other forms. Thus the arrangement of the pinnule pairs in the genus Hudio- 
crinus is just the reverse of what it is in the other comatulids, P, being unique in 
its structure when compared with the other pinnules succeeding, and the pinnule 
pairs consisting of P, and P,, P, and P,, P. and P,, etc., instead of consisting of 
P, and P,, P, and P;, P, and P,, P, and Pu, etc. But if we disregard the arm struc- 
ture of Eudiocrinus and consider only the pinnules, we see an arrangement identical 
with that on the free undivided arms of other types, for Pc agrees with P,, P, with 
P., P, with P,, and soon. Thus the pinnulation in Ludiocrinus is that of a normal 
undivided arm and is quite independent of the unique arm structure. 

In many of the multibrachiate comatulids, well illustrated in Pontiometra 
andersoni. (figs. 275-277 p. 213) and in Lamprometra protectus, the proximal 
pinnules on the outer side of the outer arms arising from each radial are much 
more developed than the pinnules on the inner arms and on the inner side of 
the same arms, though their general characteristics are the same. In 20-armed 
species only the lower pinnules on the outer side of the outer arms are enlarged, 
but in 40-armed types a similar, though not quite so marked, enlargement of the 
pinnules on the outer side of the innermost derivatives from each of the I] Br 
series also occurs, and in species with a great number of arms the pinnules on 
the outer side of the outer arms-of each group of four are enlarged, this enlarge- 
ment diminishing in degree toward the inner part of the ray according to the 
scheme given on page 124. 

In the ontogeny of the comatulids pinnules first appear at the tip of the 
growing arm after the arm has reached a considerable length (figs. 1204, pl. 33; 
1207, 1210, pl. 84; 1217-1219, pl. 35). P, is not formed until after from two to 
half a dozen or more of the outer pinnules have reached a considerable size, and 
the pinnules of the fourth and four or five following brachials not until after 
P, is relatively well developed (fig. 1220, pl. 36). 

Deficient pinnulation in the proximal portion of the arms is characteristic 
of many species. In some it is constant and invariable, in others more or less 
inconstant. while in still others it only occurs sporadically. 

In the Comasteride the species of the genus Comatilia (figs. 183, p. 98, 
and 264, p. 207) lack the second, third, and fourth pairs of pinnules, though the 
pinnules of the first pair, P, and P., are present and highly developed. This 
condition is quite comparable to that of the young after the development of Pa, 
and may have arisen through a sudden arrest in pinnule formation. 

In the genus Afelecrinus there are no pinnules on the first 10 or 12 brachials. 
In this genus the arms are very closely appressed, and the formation of pinnules 
on the lower brachials is thus prevented. In the allied Atopocrinus (part 1, 
fig. 227, p. 245), in which there are only five arms, all the pinnules are present. 

In Thaumatocrinus (part 1, figs. 115, 116, 118, p. 183) the first pinnule is 
always on the second postradial ossicle, but in nearly all the species of the closely 
related Pentametrocrinus (part 1, figs. 120, p. 187, 121, p. 189; exception, fig. 
119, p. 185) the lowest pinnule is on the fifth brachial; that is, on the epizygal of 
the first syzygial pair, the normal first pinnule being absent. 
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In Lrythrometra of the Perometrine and in Cyllometra, Colobometra, Pro- 
metra, and Decametra of the Colobometride P, is always absent. It is always 
absent in Perometra diomedew, but not in the other species of that genus. It is 
frequently absent in the species of Cotylometra and occasionally in certain species 
of Oligometra. Yn most cases its absence seems to be related to a close crowding 


of the arm bases. 
Oral or proximal pinnules. 


The oral pinnules vary from 1 to 12 in number, but most commonly there 
are from 2 to 6; that is, from 1 to 3 pairs. They occur upon the second and 
fourth brachials and sometimes upon one or more of those following. When 
division series of four ossicles are present (figs. 123, p. 79; 171, p. 86; and 
part 1, fig. 81, p. 134), or when the second element of the IBr series is not 
axillary (fig. 189, p. 109, an part 1, fig. 83, p. 136), the pinnule of the second 
brachial is repeated upon each reduplication of this ossicle. When the division 
series consist of three ossicles, as in the genera Capillaster (fig. 181, p. 94) and 
Nemaster, the pinnule of the second brachial is always repeated upon the first 
of these. : 

Apparently the oral pinnules are morphologically associated with the first 
brachial and first syzygial (second brachial) pairs of ossicles in the free undivided 
arms, and we find them exclusively so associated in most of the Macrophreata. 
But in a few of the most highly specialized macrophreate forms (figs. 292-294, 
301, p. 221) and in most of the Oligophreata (figs. 268-273, p. 207) the pinnules 
of a few of the brachials immediately following the first syzygial pair have 
become oral in character. 

The oral pinnules are differentiated from all the other pinnules of the arm 
by the absence of the ambulacral groove and associated structures, combined with 
a marked specialization whereby they have become transformed into tactile organs 
(figs. 277, p. 218, and 1044, pl. 12), or into organs of defense (figs. 270, 271, 273, 
p. 207). They take no part in the collection of food, nor do they ever bear gonads. 

In the Macrophreata the oral pinnules are almost invariably of a single type 
(figs. 289, 290, 292-296, 298, p. 221), and usually there are only two of them, 
P, and P., sometimes only one, P, (fig. 289, p. 221). They are commonly much 
elongated with very numerous segments, of which the earlier are more or less 
beveled on their articular faces, in dorsal view cut away at the corners, thus 
giving great flexibility, and serve as tactile organs. In life they are bent down- 
ward, forming a close and sensitive network over the disk. If one of theni 
be touched the arms immediately curl up, protecting the disk still further. 

The extreme specialization of the first pair of pinnules in the direction of 
purely tactile organs is seen in the genera /athrometra (fig. 289, p. 221), Tricho- 
metra, Compsometra (fig. 296, p. 221, and part 1, fig. 107, p. 173), and Antedon 
(figs. 1040, 1044, pl. 12, and part 1, figs. 103, p. 165; 104, p. 167; 105, p- 169; and 
106, p. 171), as well as in the oligophreate genus Pontiometra. In these genera 
they are from two to eight times as long as the following pinnules and exceedingly 
flexible, with from 20 to nearly 100 segments. Essentially the same conditions 
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are found in Leptometra (fig. 370, p. 237), though here two pinnule pairs are 
involved instead of only one. 

In the Pentametrocrinide (fig. 286, p. 215, and part 1, fig. 118, p. 181; 119, 
p. 185; 120, p. 187; and 121, p. 189), Thysanometrine (figs. 282, p. 215, and 378, 
p. 243), and Heliometrine (figs. 292-294, p. 221) all the pinnules are much elon- 
gated, and the oral pinnules, including the first pair only in the Pentametro- 
crinide and Thysanometrinz, but the first two to six pairs in the Heliometrine, 
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are but little, when at all, longer than those following. They are composed of 
very short segments, with the corners so cut away that they appear hexagonal 
in lateral view, and are exceedingly flexible, contrasting strongly in this respect 
with the less mobile succeeding pinnules. 

In the species of the genera Perometra (fig. 319, p. 227), Erythrometra, 
Toxometra, Eumetra, Tridometra (fig. 301, p. 221), Andrometra, and Dorometra 
the pinnules of the first pair are tactile in character, though shorter than usual, 
but the pinnules of the second and sometimes also of the third pair are much 
enlarged and stiffened, in life projecting outward over the disk and forming a 
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close spiny covering above it in addition to the sensitive network of flexible 
tactile pinnules just beneath. 

There are no oral pinnules in the genera Aéelecrinus and Hypalometra (fig. 
297, p. 221). In most of the species of Pentametrocrinus P, is absent. 

In the species of Bathymetra the oral pinnules are greatly reduced. 

Whereas in the Macrophreata the tactile function of the oral pinnules is pre- 
dominant and there is usually only a single pair present, in the Oligophreata the 
protective function is predominant, commonly combined with the tactile in various 
ways, and there are usually two or three pairs present, and may be as many as eight. 

The oral pinnules of the Comasteride are very curiously specialized. They 
are long and slender, very flexible, at least in the outer portion, and are composed 
of from 20 to 60 (usually of between 30 and 40) segments, most or all of which are 
about as long as broad. 

The terminal 6 to 30 (most commonly from 15 to 20) segments have their distal 
outer margin produced into a thin calcareous plate, curved slightly inward and 
basally constricted, being shaped like an arrowhead or spade, which is usually about 
as high as the diameter of the segment which bears it, but sometimes considerably 
higher. Occasionally the inner margin of the segments is produced in the same 
way, as in the genus Vemaster. These plates collectively form what is known as 
the terminal comb (figs. 594-657, pp. 309-827, 1072-1082, pl. 17, and part 1, figs. 
56-58, p. 83, and 59, 60, p. 85). 

The terminal comb in its perfected form is confined to the species of the 
family Comasteride, but a somewhat similar though much less developed structure 
is found in Florometra (figs. 1053, 1054, pl. 18), Solanometra, Anthometra and 
Promachecrinus, and is occasionally indicated in Heliometra (figs. 545, 546, p. 289). 

The terminal comb is primarily restricted to the oral pinnules, but sometimes 
extends for a greater or lesser distance onto the genital pinnules, and in the species 
of Comaster (fig. 263, p. 207) is even found at intervals on the distal pinnules to 
the arm tip. In these cases, however, it is only upon the proximal pinnules that it 
is found in the highest state of development; farther out on the arm fewer and 
fewer segments are involved in its composition, and the teeth become as a rule 
gradually less and less perfect. - 

The function of the terminal combs is not known. Long ago Péron observed 
that the arms are frequently bent inward toward the disk, and this observation 
led Lamarck to suppose that the food of the comatulids was captured by the distal 
pinnules and conveyed by them to the opening in the middle of the large conical 
elevation on the disk, which he supposed was the mouth. Some years ago I sug- 
gested that as myzostomes and other parasites are extremely rare upon the arms 
of the comasterids, this action may be for the purpose of bringing the outer portions 
of the arms and the outer pinnules within reach of the terminal combs on the 
proximal pinnules and by, means of the latter removing foreign objects from 
them. Dr. H. L. Clark has also noticed that the arms of the comasterids more or 
less constantly, but irregularly, bend inward toward the mouth, the tips just 
brushing the disk and arm bases, but he supposes this is done “to prevent the 
ciliated grooves from becoming clogged up.” 
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Comblike structures of independent origin are of frequent occurrence and 
wide distribution in the animal kingdom. The closest parallel to the combs in 
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the Comasteridez is probably to be found in the pectinate pedicellarie of certain 
starfishes of the family Benthopectinide, while the individual teeth are closely 
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simulated by the teeth in the pedicellariw of many echinoids and a few starfishes. 
But there is no reason to assume a direct genetic connection between these struc- 
tures. A comblike arrangement of processes occurs in certain worms, on the 
mandibles and other appendages of many crustaceans, on the posterior legs of 
certain spiders, on the anterior legs of the male of the fruit-fly (Drosophila), on 
the antenne of many insects, particularly among the Coleoptera and Lepidoptera, 
and on the middle toe of certain goatsuckers of the family Caprimulgide. 

On the undivided arms the species of Comasteride commonly possess two pairs 
of true oral pinnules (figs. 262, 265, p. 207), succeeded by a pair of pinnules inter- 
mediate between oral and genital pinnules, though nearer the former. 

Comatilia, which is the only comaterid with deficient pinnulation, has only a 
single pair (fig. 264, p. 207); but the next three pairs of pinnules are absent. 

In the 10-armed genus Comatonia the combs are confined to P, and P, and are 
not always developed. When present they arise at about, or even within, the 
proximal third of the pinnule, and are composed of exceptionally large rounded 
teeth, which usually much exceed in height the lateral diameter of the segments 
which bear them. This genus is also unique in having one or more of the earlier 
segments of P, twice as long as broad, or even longer. Furthermore, it is the only 
comasterid which possesses numerous large and conspicuous sacculi. 

Usually in the Comasteride the oral pinnules, in correlation with their much 
greater length, are stouter basally than those following, though they taper rapidly 
and soon become very slender. But in some forms they are but very little longer 
than those succeeding, and in these they are much more slender with shorter 
segments. 

Except for the characteristic terminal comb the oral pinnules of the Com- 
asteride are comparable to those of such macrophreate types as the Heliometrinz 
(figs. 292-294, p. 221) and the Thysanometrine (figs. 282, p. 215, and 298, p. 221), 
and to those of the Pentametrocrinide (fig. 286, p. 215, and part 1, figs. 119, p. 185, 
120, p. 187, and 121, p. 189) ; their general development is along the lines followed 
in these groups rather than along the lines followed in the other families of the 
Oligophreata. 

The rudimentary comb developed in the Heliometrine (figs. 1053, 1054, pl. 13) 
is a production of the entire distal surface of the outer pinnulars instead of a thin 
outgrowth from one border of the distal surface, and there is never any basal con- 
striction to be seen in connection with it. It may best be described as a blunt 
carination of these ossicles, in its most developed form more pronounced externally 
than internally, and seems to be the result of the lateral compression of the pinnule 
tip instead of the expression of a tendency toward a prismatic development as is 
the comb of the Comasteride, which is always accompanied by more or less exca- 
vation of the distal surface of the segments. 

Almost all of the species which compose the families treated above have the 
oral pinnules transformed into organs of touch. Among the majority of the 
species of the Himerometride (figs. 268, 269, p. 207), Stephanometride (fig. 310. 
p. 223), Mariametride (figs. 312, 313, p. 223) Colobometride (figs. 274, 278, p. 213), 
and Calometride (figs. 314, 320, p. 227, and 311, p. 223), while the first pair is thus 


MONOGRAPH OF THE EXISTING CRINOIDS. 


145 


specialized and has become very slender, delicate, and flexible, with numerous seg- 
ments, the second, and usually also one or two additional pairs, has become greatly 
enlarged, swollen, and stiffened, either flagellate distally or ending in a sharp spine. 


These enlarged and stiffened pinnules point diagonally upw 


and more or less spinous pro- 
tective covering over the disk, 
beneath which is the network 
formed by the slender tactile 
pinnules. 

This arrangement reaches 
its greatest perfection in the 
genus Cenometra (figs. 274, 278, 
p. 213) and especially in such 
species of Stephanometra as S. 
monacantha (fig. 310, p. 223) or 
S. spicata. The same condition 
is found in the species of 
Amphimetra (fig. 309, p. 223), 
Heterometra (figs. 268, 269, 
p. 207), Craspedometra, Maria- 
metra, Dichrometra (fig. 313, 
p. 223), Liparometra, Lampro- 
metra (fig. 312, p. 228), Cyllo- 
metra, Oligometra (fig. 315, p. 
227), and Decametra, though in 
these genera the pinnules of the 
second and following pairs 
have delicate and flagellate in- 
stead of sharply pointed tips. 

‘The extreme of the develop- 
ment of the oral pinnules in the 
direction of protective organs 
is found in Himerometra (figs. 
270-272, p. 207, and 326, p. 227), 
in such species of Stephano- 
metra as S. echinus (fig. 273, 
p. 207, S. tenuipinna, and 8. 
oxyacantha, in Analcidometra, 
Oligometrides, and Austro- 
metra (fig. 324, p. 227), and 
in Colobometra diadema (fig. 
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325, p. 227). In these forms the first pair of pinnules is of the same stiffened and 


spine-like nature as the following, 


and there are no tactile pinnules at all. 


On the other hand, some species, as Liparometra articulata and Lamprometra 
gyges (fig. 312, p. 223), have the pinnules of the second and third pairs so slender 
that, though somewhat stiffened, they are scarcely more than tactile organs. 
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Whereas the extreme of slenderness in the oral pinnules is seen in the Ante- 
donide, in such genera as Z'richometra and Hathrometra (fig. 289, p. 221), the 
maximum stoutness is found in Himerometra (figs. 270, p. 207, and 326, p. 227), 
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The large species of the 
genus Zygometra have oral 
pinnules corresponding very 
closely with those of the 
species of Himerometra, but 
the pinnules taper distally to 
a more slender tip than is 
usually found in that genus, 
though such a tip occurs in 
H. persica (fig. 272, p. 207) 
and in #. bartschi. In Ca- 
toptometra the structure of 
the proximal pinnules is very 
similar to that of the proxi- 
mal pinnules of the species of 
Comasteride, though there 
are no terminal combs. In 
Budiocrinus (figs. 190, p. 
14135191, p. 1123 and part 1; 
figs. 83, p. 186, and 84, p. 
137) the oral pinnules are 
very stout and sharply pris- 
matic, recalling P, in certain 
of the Thalassometrine. 

In the genus Pontiometra 
(fig. 277, p. 213), belonging 
to the Mariametride, P, is, 
strictly speaking, the only 
oral pinnule. It is nearly 
eight times as long as the fol- 
lowing pinnules on the same 
side of the arm, very slender, 
with about 50 segments. Pa 
is small, like P.. 

The species of Colobo- 
metride collectively are in 
their proximal pinnule struc- 
ture strictly comparable to 
the species of the Himero- 


metride, Stephanometride, and Mariametride taken together. but the distal ends of 
the segments in these pinnules are as a rule considerably more spinous than is the case 
in these other families. In the species of Oliogometrides, Austrometra, and A nalcido- 
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metra the proximal pinnules are comparable to those of such species of Stephano- 
metra as 8. echinus or S. tenuipinna, though they are proportionately somewhat 
longer and stouter. In Oligometra serripinna (fig. 315, p. 227) and in O. carpen- 
teri the oral pinnules are strictly comparable to those of Heterometra crenulata, 
and the segments of the second or second and third pairs have the same broad 
processes on their prismatic ridges. In Oligometra japonica and in O. caledonie 
the lower pinnules are comparable to those of Amphimetra spectabilis or A. dis- 
coidea (fig. 309, p. 223). Cenometra (figs. 274, 278, p. 213) has essentially the same 
proximal pinnule structure as Stephanometra monacantha (fig. 310, p. 223), but 
P, is usually much stouter and more as in Himerometra. In the species of the 
genus Colobometra we find a close parallel to the species of the genus Stephano- 
metre (see figs. 273, p. 207, and 325, p. 227). Most of the species have P, delicate, 
many jointed and flexible, and from one to six of the following pinnules on either 
side greatly enlarged, stiffened and spine-like, composed of segments with ex- 
ceedingly spinous distal ends. Except for this last feature, characteristic of 
the Colobometrids, these species are comparable to the large species of Stephano- 
metra, while those with fewer enlarged pinnules are comparable to S. spicata, 
S. monacantha, or S. indica. One species, C. diadema (fig. 325, p. 227), has P, 
of the same character as P., thus being similar to Stephanometra tenuipinna or to 
S. echinus. But all the species of the genus Colobometra are peculiar in lacking 
P,, though this pinnule commonly reappears on regenerated arms. The oral 
pinnules of Cyllometra, Decametra, and Prometra may best be compared with 
those of the species of Lamprometra (fig. 312, p. 223) or Dichrometra (fig. 313, p. 
223) from which they differ only in having a greater or lesser development of spines 
on the distal borders of their component segments. In some forms, as in Deca-~ 
metra studeri, P, is only slightly enlarged, while in others, as in Cyllometra manca 
or C. albopurpurea, Vand also P, are very considerably modified. 

In the Tropiometride (figs. 279, p. 213, and 308, p. 223) the oral pinnules differ 
but very little in size or in character from those succeeding, which in this family 
are much longer than usual. 

In the Calometridz (figs. 311, p. 223, and 314, 320 p. 227) the proximal pin- 
nules resemble those of certain species of Colobometra most nearly, but P, is much 
more delicate and is composed of numerous very small rounded segments, and the 
following pinnules, which may or may not be elongated, are sharply prismatic. 
The first two segments of the earlier pinnules, especially of the first, are flattened 
and greatly enlarged with broad dorsal processes, this modification, universal 
throughout the family, not being found carried to such an extreme elsewhere. 

There are two types of differentiation of the oral pinnules in the Thalasso- 
metride. In the genera Ptilometra (figs. 280, p. 213, and 316, p. 227), Pterometra, 
and Asterometra (fig. 285, p. 215), in which all the pinnules are stiff and spine- 
like, and the arm bases are so closely crowded against each other that there is no 
need for any special adaptation of the proximal for protective or for tactile pur- 
poses, P, is similar to the succeeding pinnules, but much smaller, and P, is usually 
also smaller than P,. We see here indications of the course possibly followed in 
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Atelecrinus, in which genus all of the earlier pinnules are absent. In the remaining 
genera (figs. 283, 284, p. 215, and 317, 318, 321-323, p. 227) P, is always more or 
less, and typically enormously, enlarged, and much longer than the succeeding 
pinnules, but in the distal half it tapers, usually rather suddenly, to a slender 
and delicate tip. P, is very rarely and P, never similarly modified. This com- 
bination of defensive and tactile functions is similar to that seen in P, and some 
of the following pinnules in such genera as Craspedometra, Mariametra, Dichro- 
metra, Lamprometra, Heterometra, Amphimetra, and Decametra, but in the 
Thalassometrine alone does it occur on P, to which pinnule it is in this group 
confined. 

In the Charitometride (figs. 302, 306, p. 223) P, and P, are very slender with 
numerous short segments, and are usually slightly shorter than the succeeding 
pinnules, while P, is slightly shorter than P,. They form typical tactile pinnules 
of the type common to most of the oligophreate genera in which tactile pinnules 
occur, the only difference being that the earlier segments are slightly enlarged, and 
their outer edges are sometimes more or less flattened as a result of the close 
compression of the arm bases. Thus in the Charitometride two pairs of slender 
oligophreate tactile pinnules are found instead of only one, as in other forms, a 
condition finding a parallel in the macrophreate genus Leptometra (fig. 290, p. 221). 

The pinnules in the Macrophreata, oral as well as middle and distal, are 
usually cylindrical, in section aproximately circular except for the notch indicat- 
ing the groove accompanying the ambulacral structures; but they may be some- 
what flattened, as in Psathzyrvometra (fig. 295, p. 221) and Zenometra, the section 
then becoming more or less oval or elliptical. Such a condition, however, is mostly 
confined to the lower pinnules. 

In the Oligophreata the oral pinnules are invariably primatic, at least in 
part, and this condition may extend to all the pinnules, as in the Calometride 
(figs. 334, p. 227, and 336, 339, p. 229), Thalassometride (figs. 332, p. 227, and 337, 
338, 343, 344, 350, p. 229), and Charitometride, or to the middle pinnules but 
not the distal, as in the Tropiometride. In the Comasteride this feature is 
generally observable in the segments forming the terminal comb, and sometimes 
it extends inward nearly or quite to the pinnule base. In the species of Zygo- 
metride and Himerometride there is usually to be seen on the enlarged lower 
pinnules a prominent ridge just distal to the dorsal median line which is especially 
prominent on the basal segments. This ridge is especially evident in Craspe- 
dometra, in certain species of Heterometra (figs. 268, 269, p. 207), and particularly 
in Eudiocrinus (fig. 267, p. 207). In the Mariametride and Stephanometride. 
as in the Colobometride, it is more or less obsolete, though a trace of it may 
usually be detected on the third segment. In Heterometra crenulata, H. producta, 
Oligometra serripinna (fig. 315, p. 227), and O. carpenteri, in which strong lateral 
processes are found on the pinnulars, these are composed either of the produced 
ventral edges of the pinnulars or of a great development of the dorsal ridge 
(sometimes of only the distal part) and usually of both. In the species of Colobo- 
metride having fringes of spines on the distal borders of the pinnule segments 


MONOGRAPH OF THE EXISTING CRINOIDS. 149 


these spines are longest at the ventral distal corners of the pinnulars, and where 
the longitudinal ridge meets the distal border. 

In the Oligophreata there is sometimes to be observed a curious correlation 
between the size of, and the number of segments in, the oral pinnules and the 
cirri. Comanthus pinguis and C. bennetti are both remarkable for the enormous 
size of the oral pinnules as well as for the great size, stoutness, and number of 
segments in the cirri, while in the allied (C. solaster, U. trichopetra, C. samoana, etc., 
both the oral pinnules and the cirri are small and slender with comparatively few 
component ossicles. 

The systematic value of the oral pinnules varies very greatly in the different 
groups. They present reliable diagnostic 
characters for distinguishing the families 
Thalassometride, Charitometride, Comas- 
teride, Calometride, and Stephanometride, 
and the subfamilies Ptilometrine, 'Thalasso- 
metrine, and Heliometrine, and in combi- 
nation with the middle pinnules the family 
Tropiometride. In these groups they are of 
relatively slight value for the differentia- 
tion of genera, and of still less for the dif- 
ferentiation of species. In the remaining 
families and subfamilies in which they oc- 
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structure indicative of the former, though much more generalized, but possessing 
ambulacral grooves and nerves, lappets, and tentacles like the latter. 

As a rule there are two or three pairs (figs. 272, 273, p. 207) of these inter- 
mediate pinnules in oligophreate species, and one (fig. 281, p. 215) or none (fig. 282, 
p. 215) in the macrophreate forms. In the Macrophreata in most cases they re- 
semble exactly the genital pinnules, but bear a smaller gonad or none at all; usually 
in the Oligophreata and in the very large macrophreate species, such as the species 


of Heliometrine (figs. 293, 294, p. 221), they are intermediate in length and struc- 
ture between the two types. 
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In the transitional pinnules the characteristics of the genital pinnules first 
appear at the distal end and rapidly extend inward toward the base. 

These intermediate pinnules are followed by from 3 to 35 or more pinnule 
pairs (usually from 10 to 20) upon which the perfected gonads are developed 
(figs. 281, 282, p. 215). The first commonly bears a relatively small gonad, but on 
the second and following this rapidly increases and soon reaches its full size. 
After the middle, or the proximal two-thirds, of this pinnule series the gonads com- 
monly begin gradually to decrease in 
size, finally disappearing altogether. 

The gonads arise on the third seg- 
ment and extend outward for a variable 


7 distance over from 2 to 20 (usually 
over from 5 to 10) segments. They 
are of two distinct types, each of which 
has a more or less defimite range (1) 

| a short abruptly rounded type (figs. 
281, 282, p. 215) occurring in almost 
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all of the species of the Macrophreata, 
in the majority of the Charitometride, 
and in certain of the small 10-armed 
species of Comasteride, and (2) a long 
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Cea fusiform type, found in the Tropio- 
a metride, most of the Thalassometride, 
CoaS and in large individuals of large species 
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in certain macrophreate genera. Both 
types are found in the Heliometrine, 
though the second is greatly pre- 
dominant, and both types are found in 
Antedon bifida and A. petasus, though 
S { only the second in Antedon mediter- 
& 5 ranea and A, adriatica. 

The genital pinnules are, with but 
few exceptions, shorter than the oral 
pinnules, and usually very much 
shorter. The first four or five pairs 
are of equal, or nearly equal, length; 
on the following the length slowly and 
gradually increases, coincident with the decrease in the size of the gonad, until 
the outer genital pinnules merge imperceptibly into the distal pinnules. ‘The 
transition from the middle to the distal type of pinnule begins first at the distal 
end and works gradually inward toward the base. 

Ordinarily the genital pinnules (figs. 262-287, pp. 207-215, 302, 303, 307, 310, 
p. 223; 324, 325, 327-335, p. 227; and 336-341, p. 229) are moderately slender and 
taper very slowly until near the tip. They are much more nearly uniform through- 
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out the group than are the oral pinnules, though much less uniform than the distal 
pinnules. The first two segments are short, the first trapezoidal with the longest 
side outward and about twice as broad as long, the second trapezoidal with the base 
inward, joined to the longest side of the first, and about of the same length. ‘The 
first segment is often more or less enlarged in the earlier genital pinnules, indicating 
an abrupt decrease in the size of the pinnule as a whole which has not yet affected 
the basal segments to the same extent that it has affected the others. Farther out 
the second segment gradually becomes longer, about twice as long as broad at the 
base, as in the distal pinnules. The third segment as a rule is squarish, the follow- 
ing very gradually becoming longer and elongating rather rapidly in the distal por- 
tion. In the Macrophreata the relative length of the component segments is much 
greater than it is in the Oligophreata. 

In the Macrophreata there is very rarely any special differentiation of the 
segments of the genital pinnules for the protection of the gonads; they are merely 
slightly broader than those of the distal pinnules; but in the genera Votocrinus and 
Tsometra (fig. 1239, pl. 38), both from the antarctic, the third-sixth segments 
are much broadened. 

In the Oligophreata the segments of the genital pinnules are almost always 
slightly broadened from the third outward, though usually not so much so as to 
alter their general symmetry. This is well seen in the Comasteride (figs. 262, 
265, p. 207) and in the Thalassometride (figs. 332, p. 227, and 336-338, p. 229). In 
a few groups there is a very marked modification of the genital pinnules. In the 
genus Comatula (figs. 184, p, 100, and 262, p. 207) the third and following segments 
are very short, much broader than long, though the pinnules as a whole are not 
especially widened. In the Charitometride (figs. 302-806, p. 223, and 1055, 1057, 
1058, 1061, pl. 14), to a much less extent in the Calometride, and in one genus each 
in the Thalassometride (Zorwomeira | fig: 321, p. 227]) and Colobometride (Aus- 
trometra [figs. 340, 341, p. 229]), the third segment is abruptly widened and the 
fourth even more so; this widening may continue for one or two, or even half a 
dozen more segments, and then cease abruptly, or it may gradually taper away 
distally, disappearing toward the tip of the pinnule. The first condition is well 
illustrated by Pwcilometra (figs. 1057, 1058, pl. 14), Horwometra (fig. 321, p. 227), 
and Strotometra (figs. 230-232, pp. 118-192), and the second by Crinometra (figs. 
302-806, p. 223), Crossometra, Perissometra (fig. 1055, pl. 14), Pachylometra, Glyp- 
tometra, Chlorometra, Chondrometra, the genera of the family Calometride, and 
Austrometra (figs. 340, 341, p. 229). Itis worthy of note that abrupt expansion of 
the segments of the genital pinnules is confined to 10-armed species. The broaden- 
ing of the pinnulars results in the formation of a roof over the entire dorsal surface 
of the gonads, which protects them from injury. 

P. H. Carpenter first noticed that the grooveless condition, which is typically 
and usually limited to the oral pinnules, sometimes exists on whole arms and on 
all the pinnules borne by them in many species of Comasteride (part 1, fig. 45, 6, 
p. 79). Even in the arms which arise from the anterior or oral side of the disk the 
ambulacral groove does not give off regular branches to the pinnules borne by the 
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fourth and succeeding brachials, but a variable number of these earlier pinnules, 
sometimes only three or four, sometimes as many as forty, resemble in this respect 
the oral pinnules (part 1, fig. 45, a, p. 79), their ventral surface being convex and 
devoid of any ciliated epithelium or subepithelial band, while their water vessel is 
simple without any lateral extensions to respiratory leaves and tentacles. In these 
oral arms, however, branches of the ambulacral groove enter the pinnules sooner 
or later so that the terminal pinnules are 
always provided with a distinct tentacular 
apparatus, while the floor of their median 
groove is of the usual character, consisting 
of a ciliated epithelium and a subepithelial 
fibrillar band. 

Carpenter also noticed that in those co- 
masterids which possess ungrooved posterior 
arms the gonads upon the pinnules borne 
by them are usually far more developed than 
those upon the anterior arms; not only are 
there more fertile pinnules, though the total 
number of pinnules may not be more than 
half that of an anterior arm, but the por- 
tions of the glands within these pinnules 
also attain a greater size than in the anterior 
arms, the basal and median pinnules of the 
latter being usually less swollen than the 
corresponding pinnules of a posterior arm. 

Carpenter found that this ungrooved 
condition of the lower pinnules may also oc- 
cur on all of the arms of some of the endo- 
cyclic forms and that it is especially re- 

I aloe markable in types like Pecilometra acela 
Aig (fig. 1058, pl. 14) and Perissometra angusti- 
i calyx (fig. 1055, pl. 14), which have a 
strongly plated ventral perisome. The am- 
ae hele bulacral grooves of all the arms and of the 
. -— LATERAL VIEW OF SPECIMEN OF STENO- . 
METRA DIADEMA. later pinnules are well protected by plates, 
but they do not extend onto (about) the first 
20 pinnules which bear the large gonads, though the latter are protected by a very 
close and regular pavement of anambulacral plates. In other species, however, 
which have equally well-plated pinnules, such as A glaometra incerta (fig. 1062, 
pl. 14), the ambulacra extend over their ventral surface in the usual way. 

While in almost all cases the genital pinnules are shorter than the more 
slender distal pinnules, this is not always true. In the family Tropiometride 
(fig. 279, p. 213) the genital pinnules are rather stout and very long, longer than 
the distal pinnules, which are unusually short. In the Ptilometrine (figs. 280, 
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p- 213, and 285, p. 215) also the genital pimnules are more or less longer than the 
distal. In the Thalassometrine and Charitometride, and in highly multibrachiate 
types, the genital and distal pinnules are usually of approximately the same length. 

In a single comatulid, /sometra vivipara, the genital pinnules of the female 
differ from those of the male. In those of the female (fig. 1238, 1240, pl. 38) the third 
and fourth segments are enormously widened, chiefly on the distal side, to cover 
the brood chamber. On the proximal portion of the arm the fifth segment also is 
slightly widened. Toward 
the end of the series of 
genital pinnules the broad- 
ening of the segments dimin- 
ishes, first the fifth, then 
the fourth segment assuming 
the normal form, the third 
only remaining broad. A cor- 
responding development takes 
place in the growing young, 
small specimens having only 
the third segment of the 
lowest genital pinnules wid- 
ened, while the outer genital 












at J ) ; 
pinnules show no widening SRY if 
of any of their segments. LOH 


The male genital pin- 
nules (fig. 1239, pl. 38) 
also broadened, though not so 
much as the female. Here 
the broadening begins on the 
third segment, which is the 
widest, and continues, grad- 
ually diminishing, to about, 
the middle of the pinnule. 
It is developed to about the £ & 
same degree on both the Ye & 
proximal and distal sides. R 

The segments of the geni- Fic, 212.—LATHPRAL VIEW OF SPECIMEN OF DAIDALOMETRA HANA. 
tal pinnules, except for those 
which are broadened. are fairly slender and smooth, the distal having only a slight 
development of spines on their distal borders. The articulations are not swollen. 

The number of segments in the genital pinnules varies from 5 or 6 to about 
25; the usual number is between 10 and 15. 

The gradual transformation of the genital into the distal pinnules is not 
distributed uniformly among the segments of succeeding pinnules. It commences 
at the distal end and gradually extends downward toward the base, after the 
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same manner that the transition from the oral to the genital pinnules takes place. 
The first indication is an elongation of the distal segments and an increase in 
their number, due partly to the addition of new segments and partly to the with- 
drawal of the gonad toward the base of the pinnule, which leaves the outer 
segments free. The segments supporting the gonads are not altered until the 
gonads are withdrawn from them. In the outermost genital pinnules, therefore, 
where the gonad rests only upon the third and fourth segments, these are exactly 
as in the preceding pinnules, even though all of the segments beyond them are of 
the elongate type characteristic of the distal pinnules. 

Owing to their comparatively uniform structure in all comatulids the genital 
pinnules are generally of but slight systematic importance. They are useful in 
differentiating genera or species in groups in which they are more or less swollen 
to form a covering for the gonads, or where they are much elongated, but otherwise 
their systematic significance is small. 

In life the lower genital pinnules stand up in planes parallel to the plane 
passing through the dorsoventral axis of the arm, but farther out they gradually 
lean outward so that the outermost genital pinnules are normally in a plane almost 
or quite at right angles to that of the earlier ones and extend horizontally outward 


from the arms. 
Distal pinniles. 


Whereas the oral pinnules vary widely in the amount and nature of their 
specialization in the various comatulid groups, and often to a very considerable 
extent among the several species of the same group, there is comparatively little 
variation in the genital pinnules and very much less in the distal (figs. 339, 
342-350, p. 229). 

The oral pinnules are specialized as organs of touch or of defense, or as 
both combined, and the kind and amount of specialization varies according to 
whether the calyx is broad and open or closed and compressed, and in accordance 
with numerous other more obscure correlations. 

The genital pinnules serve to contain the genital products and have the same 
functions everywhere. Their degree of differentiation is therefore comparatively 
slight, being almost entirely confined to a variation in the lateral diameter of the 
third and following segments. 

The distal pinnules serve to gather the food particles, a function which may 
to a great extent or lesser degree be assumed by the more distal genital pinnules. 
In all groups the interception and capture of food particles involve similar 
mechanical and physiological problems, requiring a maximum of length com- 
bined with a maximum of exposed ambulacral surface; and the fulfillment of these 
two conditions, both of the utmost importance in the economy of the animals, 
necessarily leaves but very little scope for variation from a general type, and thus 
it is that the distal pinnules are very nearly uniform throughout all the comatulid 
groups. 

The oral pinnules stand up parallel to the dorsoventral plane of the arm, 
distally bending forward more or less over the disk, more rarely outward toward 
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the longitudinal axis of the arm. Their component segments either are fitted 
closely end to end, or the more proximal, sometimes all, have their angles cut 
away, admitting of motion in a plane parallel to the dorsoventral plane of the 


arm: there is no provision for 
lateral motion. The earlier geni- 
tal pinnules stand up like the 
oral pinnules, those of the two 
sides of the arm being parallel 
with each other, and the distal 
ends are always more or less 
curved outward toward the arm 
tips. Going outward along the 
arm the later genital pinnules 
are seen gradually to bend lat- 
erally outward, this being cor- 
related with the gradual develop- 
ment of a lenticular space be- 
tween the first and second seg- 
ments by which it is chiefly ac- 
commodated. As the genital 
pimnules begin to assume the 
character of distal pmnules their 
recumbency increases until the dis- 
tal pinnules are reached. These 
latter extend outward horizon- 
tally at right angles to the dor- 
soventral plane of the arm. 
Typically the distal pinnules 
consist of about 20 segments, 
though there may be as many as 
30. They are almost always 
longer than, usually from half 
again to twice as long as, the 
genital pinnules, and as a rule 
equal the longest oral pinnules 
in length. They are extremely 
slender and delicate; the first 
segment is trapezoidal, the long- 
est side outward, or more or less 
erescentic, about twice as broad 
as long; the second is trapezoidal, 
about twice as long as the first, or 
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the longest side inward (directed proximally), 
about twice as long as the proximal width; the 


third segment is squarish, or somewhat longer than broad, and the next two or 
three increase rapidly in length, the outer being from two to four times as long 


as broad terminally, usually with 


more or less swollen and slightly overlapping 
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distal edges; the last segment is short, without ambulacral structures, and is armed 
dorsally with several recurved teeth, and the preceding one to three or more 
segments may be more or less similar to it. 

Except for the first two the component segments may be sharply prismatic, as 
in the Calometride, Thalassometride, and Charitometride, or they may bear 
numerous long spines on their distal borders—a feature most conspicuous in Colo- 
bometra, though more or less characteristic of all groups. Typically, however, they 
are cylindrical, almost smooth, and very slender, with straight ventrolateral edges 
and slightly everted distal ends, the eversion of the latter slowly increasing in 
degree from the base to the tip. 

In some forms, as in certain species of Comissia, Comatula, and Colobometra, 
the ventral distal angles of the third and following segments may be produced into 
a rounded flange-like process, or into a long spine. 

There is less variation in the first two segments than in those succeeding. They 
may be somewhat elongated as in the Pentametrocrinide, and they may appear to 
be more or less enlarged in species in which the pinnules are exceedingly long and 
slender, as in most of the Macrophreata. They never bear carinate processes, such 
as are sometimes found, for example, in Comatella (fig. 1041, pl. 12), Comatula, and 
Leptonemaster, and in the species of Calometride (figs. 311, p. 223, and 314, 320, 
p. 227), on the first two segments of the oral and lower genital pinnules. 

The distal pinnules in the multibrachiate comasterids are comparatively short, 
never reaching the length of the oral pinnules, and are composed of short segments 
which do not usually reach a length of more than twice the width, even distally. 
The articulations are but little swollen, and the dorsal surface is more or less cov- 
ered with fine spines, which become more prominent toward the distal border. The 
recurved hooks on the terminal two to four outermost segments are strongly 
developed. 

While there is a very considerable average difference between the distal pin- 
nules of the large multibrachiate species of Comasteride and those of species of 
other families—so much so that individual comasterid distal pinnules may at once 
be identified as such—in the 10-armed young and in the 10-armed and smaller 
species the difference becomes much less; thus the distal pinnules of Leptonemaster 
or of Comatilia have comparatively little that is distinctive about them. 

The distal pinnules of the species of Calometride, Thalassometride, and 
Charitometride are sharply triangular in cross section from the third segment out- 
ward, and their component segments are relatively short as in most of the species 
of Comasteride. The pinnules as a whole are always relatively, and often abso- 
lutely, short, as is well seen in the multibraciate genera, especially in the genus 
Crinometra, so that they do not exceed the genital pinnules in length, and are con- 
siderably less than the oral pinnules. In Parameéra and in certain of the Charito- 
metride with very long arms the characteristic features of the distal pinnules may 
become more or less obsolete at the arm tips, where the pinnules approach very 
closely the usual slender elongate cylindrical type. 

There is very little difference in the distal pinnules of the remaining families, 
and what difference there is is mostly correlative. For instance, if the arms are 
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smooth the distal pinnules will be smooth, but if the brachials possess overlapping 
and spinous distal ends, then the distal ends of the third and following pinnulars 


will also be armed with spines. 


If there are 10 arms the pinnules will be relatively 


long, with proportionately long component segments; but if the number of the 
arms be more than 10 the pinnules become proportionately shorter and the length 


of the component segments becomes propor- 
tionately less and less. 

As a general rule the species with 10 
arms only have longer distal pinnules than 
multibrachiate species, and the relative length 
of the pinnules decreases in direct correla- 
tion with the increase in the number of arms. 

It may be said also that the species of 
the Macrophreata possess longer distal pin- 
nules, composed of longer segments, than 
those of the Oligophreata, though, taking 
the 10-armed species of these two groups as 
a whole, the difference is not great. The as- 
sumption of a prismatic form as seen in the 
Calometride, Thalossometride, and Charito- 
metridz is accompanied by a more or less 
marked shortening of the pinnule, which 
again becomes elongated whenever, as in cer- 
tain species of the Charitometride, the pris- 
matic character becomes more or less obso- 
lescent. 

Among the species of the Macrophreata 
there is little deviation in the character of 
the distal pinnules from a common type; they 
are always greatly elongated, cylindrical, ex- 
ceedingly slender, with expanded articula- 
tions. As the two basal segments are not 
affected by any change in the outer segments, 
they appear unusually large or laterally 
swollen and contrast strongly with the slen- 
der segments succeeding. 

The systematic importance of the dis- 
tal pinnules is very slight. In general they 
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COSMIOMETRA DELICATA. 


are not consulted except to ascertain the presence or absence of side and covering 
plates, which is rather more readily determined upon them than upon the other 
pinnules; but the characters in the earlier pinnules, brachials, arm bases, and cirri 
always correlated with the presence of an ambulacral plating, are so marked that 
after a little experience one never refers to the distal pinnules to determine this 


point. 


In the Comasteride they are very spinous dorsally and therefore diag- 


nostic, but here, because of the prominence of the terminal combs present on the 
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oral pinnules and the usually excentric mouth, their assistance is not needed. In 
other groups also there are certain features by which, after prolonged study, the 
distal pinnules of any genus may be almost with certainty identified, though such 
identification is attended with considerable risk, and owing to the greater reliance 
which can be placed on other structures examination of the distal pinnules is 
rarely needed. 


Pinnules and cirri. 


Though in no way related morphologically both the pinnules and the cirri are 
linear series of cylindrical ossicles united end to end, and as such they have many 
characters in common, and are subject to a limited extent to the same variations. 

In both the pinnules and the cirri the greater part of the possible interarticular 
motion is localized in the basal portion, often almost entirely between the first and 
second segments. 

When the oral and outer pinnules differ widely the characters common to the 
pinnules and the cirri unite the latter with the oral pinnules and the pinnules of the 
division series, for the reason that they arise from the projection of the characters 
of the calyx and division series upon them, and the projection of these characters 
does not reach the distal pinnules. 

The proximal pinnules, like the proximal cirri, are typically longer than the 
others and possess tactile functions (part 1, figs. 310, 311, p. 269). In both cases 
it is to be observed that elongation and added sensitiveness is characteristic of the 
organs situated nearest to the central capsule of the dorsal nervous system. 

The function of the cirri is to serve as prehensile organs. The same function 
is assumed by the grooveless pinnules distributed at intervals along the arms in 
Comatulella brachiolata (plate 1, fig. 1332), which are capable of being coiled 
dorsally to an unusual extent. 

In certain types, particularly in the species of Prometra, Colobometra, and 
Oligometra, there is a marked correlation between the number of ossicles in the 
cirri and in the oral pinnules. 

In other types, as in certain species of Heterometra, the development of the 
dorsal ridge on the oral pinnules is correlated with the amount of carination of 
the distal cirrus segments. 

On the pinnulars, as on the cirrals, the distal dorsal edge is often produced 
into a frill of long spines; in both sets of structures these spines are never found 
on the first two segments, but begin on the third and gradually increase in promi- 
nence outwardly; in both also this projection from the dorsal surface is at first 
limited to the distal edge, but distally gradually moves inward. 

The growth of the pinnules and of the cirri takes place in exactly the same 
manner, and in both the terminal ossicle is well formed before the one or more 
preceding have acquired their full length. 

The cirri end in a strong spine, while one or more strong spines are developed 
on the dorsal surface of the last pinnular. On the antepenultimate segment in 
both structures one or more spines are developed, and spines of diminishing size 
may occur for some distance toward the base on the preceding ossicles. 
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Cirri have never been observed to branch, but branching is not infrequent 
in the pinnules. Whenever it occurs it is confined to the first two segments and 
is usually on the second (figs. 1066, 1067, pl. 15). 


TYPES OF INTERSEGMENTAL UNION, 
General features. 


The intersegmental unions in the crinoids are of two types, differentiated by 
the presence or absence of muscles. Morphologically, the difference between these 
two types is of no great impor- 
tance, and primarily all of the 
unions are non-muscular. 

The non-muscular unions oc- 
cur between the calyx plates, the 
elements of the pairs in the divi- 
sion series and the first. two 
brachial pairs, and at intervals 
throughout the arms. 

The muscular articulations 
include the majority of the 
unions between the brachials, and 
the articulations at either end 
of the pairs of ossicles forming 
the first two brachial pairs and 
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commonly more or less united by strands of connective tissue. Covering plates are 
commonly united to the corresponding side plates in this way. 

When they are very close together they are firmly united by parallel liga- 
ments, the ends of which form loops within their substance. The apposed sur- 
faces of ossicles thus united may be smooth, as in the case of the unions between 
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the radials and between the radials and the centrodorsal in the comatulids, and 
also in the brachial and stem syzygies in the pentacrinites, or they may develop 
more or less numerous irregularly meandering to regularly radiating ridges, as 
in the unions between the calyx plates in many of the Flexibilia, and in the brachial 
syzygies and so-called pseudosyzygies in the comatulid arms. A slight amount 
of motion is usually possible between plates thus united. This type of union is, 
when movable, known as the loose suture, and when almost or quite immovable as 
the close suture. In the arms and in the column it is known as the syzygy. 

From this type of union there are two lines of departure—one in the direction 
of greater rigidity, the other in the direction of greater flexibility. 

The close suture may become quite immovable and the ossicles united by it 
inseparable by caustic through the development of a calcareous deposit between 
and among the fibers, and this calcareous deposit may become so dense as to 
result in welding the ossicles into a single unit in which no suture lines are visible. 
Such a union is seen between the infrabasals and the centrodorsal in the coma- 
tulids, and between the basals in Bathycrinus, Ilycrinus, Rhizocrinus, and certain 
species of Ptilocrinus. 

The loose suture may become flexible, resulting in the development of a fulcral 
ridge, the beveling away of the joint faces on either side of it, and the segre- 
gation of the ligament fibers into two bundles, as is seen in the so-called synarthries 
between the pairs of ossicles in the division series and between the elements of the 
first brachial pairs, in the articulations between the pinnulars and cirrals, and in 
the articulations in the so-called bourgueticrinoid type of column. 

In the arms when the fulcral ridge of a flexible articulation runs at right 
angles to the dorsoventral plane the ventral ligament bundle is divided into two 
more or less triangular bundles through the intrusion in the median dorsoventral 
line of the articulation of two muscle bundles of extra-articular origin which 
occupy a more or less triangular area the apex of which reaches nearly to the 
central canal. 


Union of radials with each other and with centrodorsal, and union of calyx plates. 


No detailed histological study has as yet been made of the union of the radials 
with each other and with the centrodorsal in the comatulids. 

P. H. Carpenter has described in considerable detail the characteristics of the 
suture between the radials in Endoxocrinus wyvillethomsoni, which he states is of 
the same character as that between the radials of the comatulids. 

He writes that in the immediate neighborhood of their apposed lateral faces 
there are none of the nuclei nor pigment granules which are embedded so abun- 
dantly in the more internal portions of their protoplasmic ground substance, and 
the threads of the plexus of which it is composed become excessively attenuated 
and disposed with great regularity almost parallel with one another. At the 
same time the meshes of this organic plexus become greatly elongated in the 
intervals between the parallel threads or fibers which are connected with one 
another by very delicate fibrils passing in the form of loops from one fiber to 
another. These loops are simply the expression of the ends of elongated meshes 
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of the protoplasmic plexus forming the organic basis of the skeleton. In the 
neighborhood of each of the two apposed surfaces the fibrous elements of this 
plexus assume the character of closely placed parallel connective tissue fibers with 
no pigment granules nor nuclei embedded in them, but staining deeply with picro- 


carmine, while the normal protoplasmic basis of the inner part of the calcareous 
segments is but little affected 


by this reagent. ‘These fibers 
pass from the organic basis 
of one segment into that of 
the next adjacent so that the 
two are firmly united, and 
the’ superficial denser layer 
of calcareous tissue is de- 
posited around their ends. 
The superficial layer of cal- 
careous reticulation which oc- 
cupies the small intervals be- 
tween the ends of the fibers 
thus becomes extremely close 
and compact, but the central 
portion of the fibrous tissue : 
does not caleify, remaining w 
as a thin layer of fibrous sub- 
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ous from one ossicle to an- : 
other, but between them be- 
came modified into connec- 


tive tissue strands. Reichen- 


sperger was the first to show that the ligaments of the brachial articulations are 
entirely distinct from the organic ground substance of the plates and are formed 
exclusively of closely packed bundles of fibrille the ends of which take the shape 
of loops within the calcareous substance of the ossicles. From Carpenter’s men- 
tion of loops, apparently identical with the loops described by Reichensperger, it 
would appear that the union between the radials is probably identical in character 
with the ligamentous portion of the unions between the brachials. 

The union between the radial circlet and the centrodorsal is of the same 
nature as that between the individual radials, but it is not quite so close, so that 
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the centrodorsal separates from the radials more readily than they do from each 
other. 

The fusion between the infrabasals and the centrodorsal in the comatulids 
has never been studied, but apparently the coalescence is complete, for the centro- 
dorsal of the adults never shows any evidence of being other than a single element. 

From what we know of the stalked crinoids we are safe in saying that in 
almost all cases the calyx plates are united in the same manner as the radials of 
Endozxocrinus. But all stages may be traced between the purely ligamentous 
union and a soldering by calcareous deposit so close that no suture lines are 
discoverable. 

The development of the synostosis or anchylosis is probably due to a gradually 
increasing continuity of the mesodermic lime depositing layers in which the ossicles 
are formed. Normally there is complete discontinuity between the sectors includ- 
ing each ossicle; with the less and less complete differentiation of this mesodermic 
layer into definite sectors the amount of deposition of calcareous matter between 
the ossicles increases until in those forms, as the species of Jlycrinus, Bathycrinus, 
and Rhizocrinus, and certain species of Ptilocrinus, in which the mesodermic layer 
over the basal ring is practically uninterrupted, an almost uniformly continuous 
basal ring is formed in which there is no trace whatever of interbasal sutures. 
Carried still farther, the continuity of the mesodermic layer becomes complete, and 
thus a single plate which is the equivalent of two primitive plates is formed, as 
in the case of the large basal in Hyocrinus, Thalassocrinus, and Gephyrocrinus. 


NON-MOUSCULAR UNIONS, 


General remarks. 


All the nonmuscular unions between adjacent ossicles in the crinoids, whether 
they occur between the plates of the calyx, the radials, the columnals, the cirrals, 
the brachials, or the pinnulars, are fundamentally identical in nature, and so far 
as they have been studied they have been shown to be histologically the same. 

In many fossil types little or no differentiation of these unions according to 
location can be detected, but in the elongated and slender appendages of the 
comatulids they ordinarily occur in two distinct forms, one in which the apposed 
joint faces are marked with numerous radiating ridges, and the other in which they 
are traversed by a median ridge separating two ligament masses of usually equal 
size, as in the synarthries between the paired ossicles in the division series and in 
the arm bases and in the articulations between the pinnulars, cirrals, and larval 
columnals. 

Tn the pentacrinites, which with the comatulids form a single well cireum- 
scribed group, the apposed faces of two ossicles united by syzygy, both in the 
arms and in the column, are smooth and unmodified, like the apposed surfaces of 
two adjacent radials. This indicates that the radiating ridges characteristic of 
the syzygial faces of the brachials in the arms of the comatulids can not be of any 
particular phylogenetic significance. 
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In the proximal portion of the postradial series in certain large comatulids, 
especially in the genera Comaster and Comatula, there is a well-marked tendency 
for the synarthries to lose their normal joint face sculpture and either to become 
nearly plane through the almost complete suppression of the median dorsoventral 
ridge (part 1, fig. 36, p. 75) or to acquire irregularly meandering or concentric 
ridges similar to those seen be- 
tween the plates in many of the 
Flexibilia (part 1, figs. 37, 38, 
p. 75). 

In the articulations between 
the cirri and the centrodorsal the 
articular surfaces are plane, or, 
very rarely, scalloped at the pe- 
riphery. Only in the Atele- 
crinide is a transverse ridge with 
deep ligament fosse on either 
side developed. 

In the ontogeny of the coma- 
tulids, while the characteristics of 
the brachial synarthries are evi- 
dent from the first appearance of 
the ossicles on either side, the 
articulations between brachials 
ultimately to become united by 
syzygy do not begin to develop 
the radiating ridges until those 
brachials have acquired most of 
the features of the fully formed 
arm segments. 

Since the syzygial joint faces 
are smooth and unmodified 
throughout life in the penta- 
crinites, and in the comatulids 
do not develop radiating ridges 
until a very late stage either in 
the growing young or in regener- 
ating arms, we appear to be justified in assuming that the brachial syzygies are 
fundamentally unions of smooth surfaces comparable to the unions between the 
calyx plates or radials which, as the latter do frequently in many types, in the 
comatulids have developed ridges that instead of remaining irregular and meander- 
ing have become straight and regularly radiating to meet the equal stresses exerted 
in all the radii on a circular joint face. 

The occasional transformation of the synarthries in Comaster and Comatula 
into articulations indistinguishable from true syzygies (part 1, figs. 37-40, p. 75), 
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which are connected by all intermediate stages with articulations in which the joint 
faces are marked with irregularly meandering or more or less interrupted con- 
centric ridges indicates that there is no fundamental difference between the 
synarthries (figs. 1084, pl. 18; 1099, 1103, 1107, pl. 19, and 1123, 1127, 1131, 1138, 
pl. 21) and the syzygies (figs. 1089, 1094, pl. 18) and that both are precisely of 
the same nature as the sutures between the calyx plates in which the apposed 
surfaces of the ossicles are marked with irregular lines, while at the same time the 
synarthry, through the 
cryptosynarthry in which 
the joint face sculpture is 
obsolescent, grades imper- 
ceptibly into the type of 
articular union between 
two plane surfaces as seen 
between the radials. 

As a rule, the propor- 
tion of nonmuscular to 
muscular interbrachial ar- 
ticulations in the crinoid 
arm decreases with in- 
creasing specialization. 

Thus in the arms of 
Holopus, the most spe- 
cialized of the recent eri- 
noids, there are no non- 
muscular articulations. 

In the arms of the 
comatulids and penta- 
crinites, the next most 
highly specialized groups, 
the number of nonmuscu- 
lar articulations is usually 
between one-fourth and 
one-sixth that of the mus- 
cular articulations, and 
may be even less than one- 
tenth. Only in one or two of the smallest comatulids are the nonmuscular articu- 
lations almost as numerous as the muscular. Furthermore, in these two groups 
secondary arms deyeloped to replace arms lost and the arms of multibrachiate 
species which replace the ten arms of the young always have fewer nonmuscular 
articulations than the primary arms which are replaced, and the arms of the 10- 
armed young. 


In the Bourgueticrinide the number of nonmuscular and muscular articulations 
is approximately equal. 
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In the genera Thalassocrinus (part 1, fig. 145, p. 209) and Gephyrocrinus of the 
Plicatocrinide there are about as many nonmuscular as muscular articulations, but 
in the genus Hyocrinus there are two nonmuscular articulation to one muscular. 

As exceptions to this rule we find the genera Phrynocrinus (part 1, fig. 2, 
p. 61), Péilocrinus (part 1, fig. 144, p. 207), and Calamocrinus, in the arms of which 
nonmuscular articulations are relatively infrequent, and Proiscrinus (part 1, fig. 
128, p. 199), in which there are none beyond the synarthry in the first brachial pair. 


SYZYGY. 


Scattered at more or less regular intervals throughout the comatulid arm are 
pairs of brachials very closely united by an articulation consisting of ligament fibers 
only. The apposed faces of the brachials so united show, running to a more or less 
broad raised rim about the central canal, prominent radiating ridges of unusually 
dense and compact calcareous structure with furrows between them, which on the 
two adjoining articular faces correspond in position (figs. 1089, 1096, pl. 18, and 
part 1, fig. 34, p. 71). Externally two brachials so united appear as a single 
brachial, usually slightly longer than those on either side, crossed by a fine white 
line at right angles to the longitudinal axis of the arm (fig. 1092, pl. 18), which 
under magnification appears dotted, the dots representing the ends of the little 
blind canals beetween the apposed ridges of the two joint surfaces. The ligaments 
binding together two brachials united in this way are identical in character with 
the ligaments in the muscular articulations, in the synarthries, in the articulations 
between the pinnulars and cirrals, and between the radials, but are much shorter. 
The fibers are very numerous and closely packed along the apposed ridges, but more 
scattered in the furrows between them. 

Such an articulation is known asa syzygy (part 1, figs. 6, p. 63, 30, p. 71), and 
two brachials united by syzygy form a syzygial pair (figs. 1090-1092, pl. 18). 

The number of radiating ridges on the apposed faces of a syzygial articulation 
varies from 5 in Atopocrinus siboge (part 1, fig. 227, p. 245) to at least 50 in 
Amphimetra discoidea, but is usually between 15 and 40. It appears to be to a 
certain extent proportionate to the size of the articular face, and is greater in the 
Oligophreata than in the Macrophreata. 

Generally speaking the ridges are straight, and run from the periphery of the 
joint face toward the central canal; many of them are short, running for a greater 
or lesser distance inward and tapering to a slender point which may lie anywhere 
between the periphery and the central canal, while others coalesce with a neighbor- 
ing ridge, the two continuing as a single ridge to the canal. 

It not infrequently happens in the outer part of the arms that an especially 
large and broad ridge runs in the median line from the canal to the middle of the 
dorsal border of the joint face, or two or three noticeably straight, strong, and 
prominent ridges may be developed here. When this occurs the remaining ridges 
are commonly more or less undeveloped, terminating at some distance from the rim 
about the central canal, so that we see an approach to the synarthrial type of 
articulation. 
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While in the comatulids the radiating furrows and ridges are always very 
distinct, in the closely allied pentacrinites they do not occur, and at most the joint 
face is indistinctly scalloped or beaded about the periphery. In the pentacrinites 
also the surface of the joint face, which in the comatulids is perfectly flat, is 
undulating. 

The joint faces of the syzygies in Atopocrinus sibogw are so extraordinary as 
to deserve special notice. 

Laterally and dorsally the central canal is bounded by a high ridge of moderate 
width; from this ridge there extends to 
the dorsal margin of the joint face in the 
dorsoventral line another ridge which at 
first is about as broad as the ridge from 
which it springs, but outwardly grad- 
ually broadens slightly; two similar 
ridges extend outward, one from either 
end of the laterodorsal ridge about the 
central canal, making with the median 
ridge an angle of about 45°, or about a 
right angle with each other. Just beyond 
these lateral ridges, entirely unconnected 
with the ridge about the central canal. 
separated from the lateral ridges by a 
ligament space about the same in shape 
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are approximately at right angles to the 
dorsoventral axis of the joint face, are 
two large obsolete muscular fosse, which 
are about as high as the distance between 
their proximal border and the dorsal 
edge of the joint face; these are rounded- 
triangular in shape; inwardly each rises 
somewhat, forming two parallel, very 
inconspicuous, low, and well rounded ridges, which are interiorly separated by a 
shallow rounded groove which becomes more accentuated just beyond the central 
canal, where it separates the inner ends of the inner pair of ridges; the inner ends 
of the ligament spaces just beyond these ridges are bounded by the ridges border- 
ing the muscular fosse interiorly. There is a deep intermuscular notch the sides 
of which make an angle of from 60° to 90° with each other. The ridges on the 
syzygial faces are high, and consequently the ligament fibers are long, appearing in 
dorsal view almost or quite as long as those of the neighboring dorsal ligaments. 
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The outer or distal element of a syzygial pair, which bears on its distal border 
a muscular articulation and a pinnule socket, is called an epizygal, and the proximal 
element, carrying on its outer end only the syzygial joint face, is known as a 
hypozygal. 

Syzygies occur in the postradial series at more or less regular intervals from 
the tip of the arm down to the third and fourth brachials, which together always 
form the first syzygial pair. If division series be present consisting of four or 
of three ossicles the two outermost always form a syzygial pair, which, as has 
already been explained, is in reality a reduplication of the first syzygial pair of 
the free arms. 

There are very few exceptions to this rule. In the Zygometride a syzygy 
replaces the synarthry normally found between the elements of the IBr series, but 
the following division series, when present, are of the usual type and the first two 
brachials are united by synarthry. In Comatella and Neocomatella, and sometimes 
in Comatula, on the free arms arising from the outer side of the axillaries, the first 
four ossicles are usually united in two syzygial pairs. In most of the species of 
the genus Comaster all of the division series except the second consist of two ossicles 
united by syzygy, and the second consists of two syzygial pairs; but the IIBr series 
are sometimes 4(38+4), and in one species all of the division series are of the 
usual type. 

The details of the distribution of the brachial syzygies have already been dis- 
cussed (see p. 128, last paragraph, and p. 131, middle). 

There is a very considerable difference in the readiness with which comatulids 
belonging to different groups lose their arms, and the relative brittleness of the 
brachial syzygies is always correlated with the brittleness of the syzygies between 
the first cirrus segments and the centrodorsal, and with the tenacity of the unions 
between the radials. As the arms of the species of Macrophreata are always more 
brittle than those of the species of Oligophreata, their cirri more easily detached, 
and their radials more readily dissociated, a possible correlation is observable be- 
tween the brittleness of the animal as a whole and the size of the central ner- 
yous organ. 

The cirri and the arms are always in the same degree fragile. In a species 
which loses its arms very readily the cirri are also found to be readily lost; but in 
a species in which the arms are rarely broken the cirri will be found also to be 
unusually tough. 

The only exceptions to this interesting correlation occur in the species of the 
comasterid genera Comaster, Comatella, and Neocomatella, in which one or more of 
the synarthries in the proximal portion of the post-radial series are replaced by 
peculiarly brittle syzygies. 

Another point of agreement between the arms and the cirri is that, whereas in 
the multibrachiate species the 10 larval arms are frequently discarded at the first 
brachial syzygy, in most forms during growth the oldest cirri, nearest the tip of the 
centrodorsal, are continuously discarded at the syzygy joining the cirri to the 
centrodorsal. 
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In all of the genera of the Comasteride, excepting those in which syzygies 
occur in place of one or more of the synarthries, the arms and cirri are unusually 
tough, so that almost or quite perfect specimens are relatively easy to secure: even 
the minute Comatilia from great depths is but rarely mutilated, and the same is 
true of the slender and delicate Leptonemaster. 

As in the comasterid genera Comaster, Comatella, and Neocomatella, the species 
of all the genera of Zygometridz in which the disk is small are especially liable to 
fracture of the arms at the most proximal syzygy, which in these genera replaces 
the synarthry between the elements of the IBr series; but the species with large 
disks are not so brittle. In this family, and in the Himerometride and Colobo- 
metridee, the tendency of the arms to break at the first brachial syzygy as a rule 
does not appear to be so strong as in the Mariametride and Stephanometride. 

It is somewhat difficult satisfactorily to compare the species of the Thalasso- 
metride with those of the preceding families because of the much rougher treat- 
ment necessary in capturing them, owing to the ordinarily greater depth of their 
habitat, where they are usually found among stones and coral. Generally speak- 
ing, they seem to be peculiarly tough, as tough as the species of Comasteride with, 
as in that family, a few curious exceptions. The species of Ptilometrine, with 
the single exception of the species of Tropiometride, are perhaps the least brittle 
of any of the comatulids, and it is astonishing to see how the individuals will stand 
the roughest sort of treatment in the dredge and yet remain whole; on the other 
hand, the species of Stenometra, Daidalometra, and Stiremetra are extremely brittle, 
and it is almost impossible to obtain anything like satisfactory specimens of any 
species of either of these two genera. All of the other genera of the Thalasso- 
metrine are tough, though this is not quite so marked as in the Ptilometrine. 

The species of Calometride and Charitometride are all very tough, on the 
whole resembling those of the Ptilometrine and Tropiometride. 

As a result of the toughness of the species of these groups the cirri are some- 
times torn apart at a greater or lesser distance from the base and the outer portion 
regenerated. I have observed such partial regeneration of the cirri in Ptilometra, 
Pterometra, Asterometra, Tropiometra (part 1, fig. 319, p. 275), Crinometra, 
Pachylometra, and Glyptometra, and in some of the genera of the Calometride. 
Outside of these genera it has only been reported in Promachocrinus, and as a result 
of artificial mutilation in Antedon. 

In the Macrophreata there is a very considerable diversity in the readiness with 
which the arms and cirri are Jost, but the species as a whole are far more brittle 
than the species of Oligophreata. A curious difference between the two is that 
whereas in the Oligophreata brachial fracture usually occurs at the first syzygy, in 
the Macrophreata it quite as frequently, or even more commonly, occurs at the sec- 
ond or third syzygy, or even farther out on the arm. 

The toughest of all the forms in the Macrophreata are the species of the genera 
of Perometrine and Antedonine, which in this respect, as in others, approach the 
species of the Oligophreata. All of the genera in these two subfamilies are about 
equally tough. 
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The species of Zenometrine, Pentametrocrinide, and Atelecrinide are ex- 
tremely brittle, so brittle indeed that in many the cirri and the arm tips are quite 
unknown. In these three groups it is especially noticeable that the arms are rarely 
lost at the first syzygy, but almost always at the second or third or beyond. 

The species of Bathymetrine are mostly very brittle, and in many of them the 
cirri and the outer portions of the arms have never been seen. Z'richometra and 
Thawnatometra stand rather apart from the other genera in being much less sub- 
ject to mutilation during capture. In the case of 7’richometra this relative tough- 
ness has almost the value of a generic character in serving to differentiate the 
species from those of the very closely related but extremely brittle Zathrometra. 

The species of the genera of Heliometrine, though very large, are decidedly 
brittle, and good specimens are almost impossible to secure. The species of Solano- 
metra seem to be rather less fragile than their allies. 

The species of the genera Thysanometra and Coccometra, included in the 
Thysanometrine, are rather less brittle than most macrophreate types. 

In the Arctic and north Atlantic oceans species of Heliometra and of Hathro- 
metra are often dredged together, and when this occurs Heliometra is seen to be 
much less fragile than the smaller Hathrometra. In the Okhotsk and Japanese 
seas Heliometra and Thawmatometra occur together and are often intermingled in 
the dredge, and here the small Z’hawmatometra is found to be much less fragile than 
the larger Heliometra. 

The tendency of the comatulids to cast off their appendages, pinnules, arms, 
and cirri, when taken from the water or otherwise placed under unfavorable sur- 
roundings, renders them very difficult to preserve satisfactorily. But I have found 
that self-mutilation can largely be prevented by quickly lifting the animals and 
plunging them at once into very strong alcohol or very hot water. If one attempts 
to kill them slowly in the usual way, in weak alcohol or in fresh water, they are 
certain to disintegrate into small fragments. 

Long ago the Japanese fishermen discovered the high commercial value of the 
“bird’s foot ” (Aetacrinus rotundus) in the European market, and they soon found 
that “ birds’ feet” could be preserved without the loss of their arms if when they 
were brought to the surface the arms were brought together and bound in place 
with a strip of cloth. This in most cases prevents the creatures from breaking off 
the arms, as they are certain to do if allowed to bend them outward and downward 
toward the stem. 

Almost all the students of the comatulids except Sars have considered the 
syzygies as locus minoris resistentie where fracture of the arm automatically takes 
place when the arm is seized, as the result of some special weakness. 

My experience with living comatulids and with preserved specimens has led 
me to agree with Sars; the syzygies under ordinary circumstances are at least as 
strong as the muscular articulations, as anyone may prove for himself by breaking 
up crinoid arms; and those who have separated the brachials of a crinoid arm by 
means of caustic have always found that the syzygies are by no means regions 
of lessened resistance, for they are as a rule the last joints to come apart, and often 
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all the other articulations will have separated yet some force is still necessary 
to break asunder the syzygies. 

In life it is certainly true that fracture of an arm almost invariably occurs at 
a syzygy. If an animal be exposed to unfavorable conditions, placed in warm 
or fresh water, or very often if merely exposed to the air, all the arms are com- 
monly cast off at the first brachial syzygy, and the detached arms continue to 
break up into smaller and smaller pieces by fracture at succeeding syzygies. 

Reichensperger has shown that syzygial unions are innervated in exactly the 
same way as muscular unions, and this would seem to indicate that fracture at 
the syzygies is a voluntary act under the control of the animal. 

In the more brittle types, as in Antedon, if one of the cirri be seized firmly, 
or if it be cut across, it will almost invariably be cast off at the syzygy between 
its first segment and the centrodorsal. This action is evidently voluntary. 

Unfavorable conditions when not severe enough to lead to the breaking up 
of the arms sometimes cause the loss of the pinnules. When this occurs the 
genital pinnules are the first to fall off, followed by more or fewer of the distal 
pinnules. The oral pinnules are not affected. When the pinnules break off they 
always separate at the articulation between the second and third segments— 
that is, at the first articulation composed entirely of very short fibers, and there- 
fore strictly comparable to the brachial syzygies and the syzygies between the 
first cirrus segments and the centrodorsal. 

The term “syzygy” was first employed by Johannes Miiller for the type 
of articulation first described in 1825 by Lansdowne Guilding, who believed 
that all the articulations in the comatulid arm were of this nature. The appli- 
cation of the term has in the past been somewhat broad. Two brachials united 
by syzygy and forming a syzygial pair have been commonly considered as but a 
single brachial, which was called by synecdoche a syzygy. Thus Carpenter 
repeatedly speaks of the “third brachial” as a “syzygy,” or says “ first syzygy in 
the third brachial.” Another meaning is given to the word by Pourtalés, who, 
besides speaking of the “syzygium in the third joint,” also calls, in the distal 
part of the arm, the interval between two syzygial unions a syzygium. Thus he 
describes the arms of a comatulid as having “syzygia composed of three, or seldom 
four, articulations.” 

Miiller and Carpenter believed that when two brachials become united by 
syzygy the lower (hypozygal) entirely loses its individuality, and the syzygial 
pair, usually in general size and shape as well as in its pinnulation resembling a 
single brachial, should then be treated as a single brachial. But Carpenter made 
an exception to this in the case of the IBr series which in the comatulids he always 
considered as consisting of two separate elements whether they be united by 
syzygy or not. 

Bather was the first to appreciate the necessity of a more consistent interpre- 
tation of the conditions, and he strongly urged that the term “syzygy ” be employed 
solely to designate a syzygial union, and that the two elements of the syzygial pair 
be considered, as they morphologically are, separate units. In this eminently 
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logical stand he was later strongly supported by Minckert, and the term has now 
universally come to be restricted as he suggested. 
Bather believes, with Carpenter, that a syzygy is an oblique muscular articu- 


lation which has become pe- 
culiarly specialized, the proxi- 
mal ossicle during this proc- 
ess having lost its pinnule 
and much of its individuality. 
But it is obvious that if this 
were the case the proximal 
and distal articulations of the 
syzygial pairs would be paral- 
lel, and both strongly oblique 
in the same direction, for the 
course taken by oblique mus- 
cular articulations across the 
arm always alternates at suc- 
ceeding articulations, and if 
one of these articulations 
were transformed into a 
syzygy and thus made hori- 
zontal the articulations on 
either side of it, with both 
of which it alternates in posi- 
tion and which would be- 
come the proximal and distal 
articulations of the resultant 
syzygial pair, would of neces- 
sity be parallel with each 


other, a condition never 
found. Moreover, the pin- 
nules always alternate in 


position on either side of the 
arm; if an oblique muscular 
articulation were transformed 
into a syzygy and the pinnule 
on the brachial the distal 
border of which was formed 
by that articulation lost, the 
pinnules on either side of the 
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ANNANDALEL. 


syzygy (the pinnule on the distal end of the syzygial pair and that on the distal 
end of the brachial preceding it) would come to lie on the same side of the arm, 
and thus all along the arm at every syzygial pair two pinnules would be found 
on the same side of the arm, a condition which never occurs. 
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Chadwick supposes that a primitive single brachial may develop a transverse 
fracture plane which eventually becomes a syzygy, just as the peculiarly weakened 
joints in the legs of crabs are developed, the similarity of which to crinoidal 
syzygies was first called attention to by Bather in 1895. Although by this 
explanation the morphological effect of the syzygy upon the arm structure would 
be accounted for, it is definitely and emphatically negatived by the ontogeny of 
the brachials. 

The only explanation of the syzygial pairs which accounts for all of their 
many peculiar features is that they are strictly homologous with the first brachial 
pairs of the arms, and with the pairs of ossicles in the division series, and represent 
pairs of ossicles in every way comparable to these which have remained unmodified 
during the course of the development of the immensely elongated and highly 
specialized arm of the later crinoid types. 


Pseudosyzygy. 


In the great majority of the comatulids the first syzygy is between the third 
and fourth brachials of the free undivided arms, or between the reduplications 
of these ossicles in the division series when the latter are composed of three or 
four elements. But in a few types one or more of the synarthries which occur 
proximal to the normal first syzygial pair are replaced by more or less perfectly 
developed syzygies (part 1, figs. 37-40, p.75). | Onaccount of the anomalous position 
of these syzygies in the comatulid arm and the fact that usually they differ more 
or less widely from the distal syzygies in the direction of the synarthries they 
have been differentiated from the brachial syzygies under the name of pseudo- 
syzygies. 

It should be emphasized that in reality there is no morphological difference 
between the syzygies as found from the second brachial pair onward and the 
syzygies that replace the more proximal synarthries. The latter show all possible 
intergradations from the perfect syzygy indistinguishable from that in the free 
arms to a syzygy which is merely a slightly modified synarthry. In other words, 
the transition in these proximal syzygies between the true syzygy and the typical 
synarthry is complete and unbroken, showing that there is no fundamental differ- 
ence between syzygies and synarthries and that all the postradial nonmuscular 
articulations are really homologous morphologically as they are histologically. 

The proximal syzygy reaches its greatest perfection in the species of the family 
Zygometride, where it occurs only between the elements of the IBr series, all of 
the other division series being either 2 or 4(3+4) as usual and the first two 
brachials of the free undivided arms being united by synarthry. 

In the Zygometride the proximal syzygy is quite indistinguishable from a 
brachial syzygy excepting only in a single small 10-armed species, Zygometra 
pristina, in which the outer part of the articular faces for about one-half of the 
distance from the periphery to the rim of the central canal is marked with radiat- 
ing ridges, the remainder of their surface being smooth and flat except for the 
low and narrow median synarthrial ridge. 
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Only in the species of Zygometride do we find the proximal syzygies con- 
fined to the articulation between the elements of the IBr series, and only in this 
group do they occur in all the species. 

In the species of the genus Comaster, excepting in C. multifida and C. taviana 
in which they are entirely ab- 







sent, the proximal syzygies reach £ f \ ’ 
a high state of perfection. In if 
the articulation between the os- ne i 


sicles of the [Br series in C. fru- 
ticosus (part 1, fig. 37, p. 75) 
the central canal is surrounded 
by a well-marked rim from which 
a more or less broad median ridge 
runs to the middle of the ventral 
border of the joint face; be- 
tween the rim and the middle of 
the dorsal border of the joint 
face are half a dozen or so small 
narrow ridges of which the two 
central usually cover the entire 
distance while the others radiate, 
more or less irregularly, outward 
from the central canal toward the 
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generally radial arrangement, so that except for the broad concentric outer border 
the joint face resembles that of a typical syzygy. 

Carpenter described the syzygy between the elements of the IBr series in 
Comaster noveguinee and states that while in all the recent comatulids the 
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apposed faces of the two portions of a syzygial union are marked by a series of 
slightly elevated ridges with alternating furrows which radiate from the opening 
of the central canal toward the dorsal margin of the joint face, in Comaster 
noveguinew these ridges are frequently not perfectly continuous but are broken 
up into a row of little elevations, squarish or oblong in shape, and arranged with 
their longer axes radiating outward from the central canal; on some joint faces 
these are not very numerous. 

In the species of Comaster other than the two mentioned the elements of all 
the division series beyond the IBr series and the first two brachials of the free 
undivided arms are always united by syzygy, and these syzygies range all the way 
from an almost typical synarthry to a quite typical syzygy (part 1, fig. 40, p. 75) 
With very rare exceptions, however, the median ridge between the central canal 
and the middle of the dorsal border of the joint face is always more or less 
developed. 

In the genus Comatula the synarthries between the elements of the IBr series, 
the IBr series (when present), and the first two brachials are almost invariably 
replaced by highly perfected syzygies (part 1, fig. 39, p. 75). But in the so-called 
slender-armed variety of Comatula solaris, C. pectinata, and C. purpurea, in 
which the arms are not swollen basally, the synarthries are retained, though their 
joint face sculpture is much less marked than usual (part 1, fig. 36, p. 75). 

In Comactinia, which is very closely related to Comatula, the synarthries 
remain unmodified. 

In the so-called bourgueticrinoid (synarthrial) articulations between the 
columnals in Bathycrinus and in the very young pentacrinites (observed in 
Tsocrinus and in Comastrocrinus), there is a tendency for the median ridge to break 
up into a number of smaller ridges which radiate outward from the central canal 
so that a joint face is formed which is, to all intents and purposes, a syzygy. 
This articulation, which is quite comparable to the proximal syzygy in the arms of 
the comatulids, becomes in the pentacrinites the characteristic stem joint in which 
the apposed faces of the columnals show complicated petaloid figures. 


Synarthry. 


In the brachial synarthrial articulations (figs. 1084, pl. 18; 1099, 1103, 1107, 
pl. 19; 1128, 1127, 1131, 1135, pl. 21; and part 1, figs. 6, p. 63; 10, p. 65; and 30, 
33, p. 71) the apposed joint faces are transversely oval and are divided in the 
median dorsoventral line by a more or less broad ridge running from the dorsal 
and ventral borders to the rim about the central canal, so that the two ligament 
masses occupy each a large semicircular or semielliptical area on either side of 
the dorsoventral line. 

With the brachial synarthries the articulations in the column of the larval 
comatulids, which consist of two ligament masses, one on either side of a median 
ridge coinciding with the longer axis of the joint face, as well as the similar 
articulations between the cirrals and the pinnulars from the second outward, are 
in all ways homologous (part 1, fig. 189, 6, p. 205). 
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In a dorsal view of a postradial series of ossicles synarthries may be at 
once distinguished by their straight course across the arm taken in connection 
with the appearance of the point of contact between the two ossicles (repre- 
senting the ends of the longitudinal ridges on the two joint faces) exactly in 
the median dorsal line (fig. 668, p. 329; the two elements of each of the three 
pairs of ossicles represented are 
united by synarthry). 

Synarthries only occur between 
the two elements of the first brachial 
pair and their more proximal redu- 
plications; that is to say, the two 
elements of each of the division 
series consisting of two ossicles, and 
the first two elements of division 
series consisting of four ossicles. 

Some or all of the synarthries 
in the postradial series in certain 
species may be replaced by syzygies 
(see p. 174), though the converse is 
not true. 

The term synarthry was first 
proposed by Minckert to cover all 
interbrachial articulations except 
syzygies. The synarthry as here 
understood was originally called bi- 
fascial articulation by Carpenter. 
The word synarthry is preferable to 
the term bifascial articulation on ac- 
count of its euphemism and brevity; 
it is also conveniently close to the 
word syzygy to suggest a relation- 
ship. It has seemed permissible, 
therefore, to adopt the word synar- 
thry from Minckert, but at the same 
time to redefine it so as to include 
within its meaning a single definite 
type of articulation. 


Cryptosynarthry. 





In the slender-armed varieties 

of Comatula solaris (Cz ectinata Fic. 224.—LsTERAL VIEW OF TYPE SPECIMEN OF THALAS- 
x FP eit? SOMETRA PUBESCENS. 

and (@. purpurea, where the synar- 
thries persist instead of giving place to syzygies, as in the broad-armed 
varieties of the same species, the apposed surfaces of the ossicles become almost 
plane; but a close examination reveals a faintly marked median ridge, on either 
side of which are the two large but very shallow and almost obsolete ligament 
fosse. The borders of the ligament fosse, ordinarily narrow rims, are here 
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very broad, but the median ridge is no wider than usual (part 1, fig. 36, p. 75; 
this is only a moderately developed example). Thus a small synarthrial articula- 
tion occupies the center of a large flat joint face. As the ligament bundles, on 
account of the broadening of the rim about them, and its close contact all around 
with the rim of the adjacent ossicle, are not visible exteriorly, and the close union 
has eliminated the beveling commonly characteristic of synarthrial articulations, 
causing the line of union to appear perfectly uniform and straight, the crypto- 
synarthry appears externally merely as a very fine line and is only with difficulty 
to be distinguished from a syzygy. 

This peculiar type of synarthry, in which the true synarthrial joint face occu- 
pies only a relatively small part of the entire joint surface, appears to be the result 
of a cessation of growth of the synarthry at some time considerably before the 
attainment of adult size by the animal so that, after the synarthry stops increasing 
in size, the further increase in the size of the joint face as a whole is effected by the 
gradual broadening of the borders of the ligament. fossee, which effectually masks, 
so far as the external view is concerned, the synarthrial nature of the union. 

For this peculiar type of synarthry, which is characteristic of certain forms 
in the genus Comatula and appears to be clearly differentiated from the ordinary 
synarthry and easily distinguishable even by external examination, I have sug- 
gested the name of cryptosynarthry. 

Tt is evident that the cryptosynarthry is not very far removed from the 
loose suture. 

Large specimens of species belonging to other genera of the Comasteride often 
have the synarthrial unions so close as scarcely to be recognizable as such externally ; 
indeed Carpenter himself described Actinometra notata as having “syzygies” 
between the elements of the division series and placed it next to Comatula rotalaria, 
when in reality it is identical with his Actinometra stelligera, belonging in a totally 
different “ group”; but with a little practice there will never be any danger of 
confusing the true synarthry and the cryptosynarthry. Where the latter is present 
the two elements united by it appear as a single ossicle, just as do two ossicles united 
by syzygy. This is never the case with two elements united by a true synarthry. 


MUSCULAR ARTICULATIONS. 


General remarks. 


The muscular articulations differ from the nonmuscular articulations in 
possessing a pair of muscle bundles attached to their ventral borders and extending 
for a greater or lesser distance inward along the median line of the joint face toward 
the central canal. 

The first muscular articulation unites the radial to the proximal element of 
the IBr series (figs. 1, p. 6, 1118, pl. 20), and subsequently muscular articulations 
occur between the pairs of ossicles in the division series and between all the 
brachials in the free undivided arms except those united in syzygial pairs (part 1, 
fig. 6, p. 63; fig. 30, p. 71). : 
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Muscular articulations are of two types—one in which the fulcral ridge runs 
across the joint face at right angles to the dorsoventral plane and the two halves of 
the ventral portion of the joint face on either side of the median line are alike and 
symmetrical, known as the straight muscular articulation (part 1, fig. 31, p. 71), 
and one in which the fulcral ridge is strongly diagonal, so that the two portions of 
the ventral surface on either side of 
the median line are very different in 






size and shape, and there is a pinnule : iy 4 : 
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tween straight and oblique muscular 
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nule socket just below the more distal end (part 1, fig. 1, p. 60; all the articula- 
tions shown in the two central arms except just at the base are oblique muscular). 
The only straight muscular articulation is that between the radial and the IBr,. 
The other muscular articulations are all of the oblique type, and always double. 
The muscular articulations of the free undivided arms do not vary greatly in 
the different groups, but those toward the arm bases, in the division series, and 
especially on the distal ends of the radials, become progressively more and more 


180 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


differentiated, assuming definite group characters, which are based upon the pro- 
portionate reduction in the size of the muscles (figs. 1-115, pp. 6-67, 950-1007, 
pls. 1-4). 

In the straight mus- 
cular articulation on the 
distal face of the radials 
uniting the radials with 
the IBr, there is a com- 
plete  intergradation 
from types with enor- 
mously developed mus- 
cles, as in Pentametro- 
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Through such forms as Himerometra and Pontiometra we appear to find a 
complete intergradation between the muscular and the nonmuscular articulations. 

It is noticeable that the highest development of the muscles on the radials 
occurs on the 5 and 10 armed species, while the last is found in the highly multi- 
brachiate types, and this might be supposed to indicate that the gradual loss 
of the muscles was correlated with progressive specialization and therefore that 
the primitive form was the type in which the muscles are developed to the highest 
degree. But highly developed muscular articulations giving great flexibility to 
the arms characterize comatulids with very greatly elongated arms the very 
numerous brachials of which, particularly the distal, are to the highest degree 
developed and specialized as uniserial elements of an attenuated appendage, and 
their appearance is first at or near the arm tips from which they gradually extend 
themselves toward the basal portion of the arms. In the highly multibrachiate 
species in which the number of division series is large and the visceral mass 
extends beyond them to the base of the free undivided arms the plates of the 
division series become broadened and thin as they are in those fossil forms in 
which they are incorporated in the body wall, and in their mode of union as 
in their outer attributes revert to a more primitive type. We appear to be 
justified, therefore, in considering the type of muscular articulation on the distal 
end of the radials in Zimerometra and Pontiometra as more primitive, by correla- 
tive reversion, than that on the distal ends of the radials in Pentametrocrinus. 

The more or less complete loss of the muscles in the proximal muscular 
articulations in multibrachiate comatulids, culminating in their entire absence 
in Pontiometra andersoni, suggests that the muscles are a purely secondary feature 
of these unions. The invariable occurrence of a pair of large ligament masses 
ventral to the fulcral ridge, which gradually decrease in size as the muscles 
increase, also indicates that the brachial articulations are only secondarily mus- 
cular, for in a union primarily muscular we should expect to find only muscles 
on one side of the fulcral ridge and only ligaments on the other, a condition toward 
which the articulations between the comatulid brachials are evidently tending. 

The numerous successive pairs of muscles between the brachials in the 
crinoid arms probably represent collectively a single pair of longitudinal muscles 
comparable with the radial longitudinal muscles of the holothurians or the 
Kchinothuride. 


Straight muscular articulations. 


The straight muscular articulations have already been described in detail 
in the section dealing with the articular faces of the radials (pp. 1-77). 


Oblique muscular articulations. 


While in the straight muscular articulations the transverse ridge traverses 
the joint face at right angles to its dorsoventral plane, the two interarticular 
ligament and muscular fosse being similar and of equal size, and viewed dorsally 
(exteriorly) the joint face is seen to cross the arm at right angles to the longi- 
tudinal axis, in the oblique muscular articulation (figs. 1083, pl. 18; 1110, pl. 20; 
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and part 1, fig. 32, p. 71) the course of the transverse ridge is oblique, normally 
making an angle of about 45° with the dorsoventral plane of the joint face, the 
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interarticular ligament and 
the muscular fosse on one 
side of the median line con- 
sequently being crowded 
and those on the opposite 
side correspondingly ex- 
tended, and viewed dorsally 
the joint face is seen to 
cross the arm at more or less 
of an angle (typically about 
45°) to the longitudinal 
axis, 

In an external dorsal 
view of a postradial series of 
ossicles a straight muscular 
articulation may usually be 
at once distinguished by 
its straight course across 
the arm and by having the 
two points of contact mark- 
ing the ends of the apposed 
fulcral ridges equidistant 
from the median dorsal 
line. An oblique mus- 
cular articulation, on the 
other hand, runs diagonally 
across the arms, most com- 
monly at an angle of from 
30° to 45°, and the two 
points of contact are one 
dorsolateral, the other ven- 
trolateral (part 1, fig. 30, 
pe (ls): 

Two oblique muscular 
articulations following each 
other are always reversed, 
and this alternation is the 
invariable rule. If the ful- 
cral ridge of one oblique 
muscular articulation crosses 
the joint face from a left 
ventrolateral to a right 
dorsolateral position, the 


MONOGRAPH OF THE EXISTING CRINOIDS. 183 


pinnule socket being in the right muscular fossa, the transverse ridge of the next 
succeeding (or next preceding) oblique muscular articulation will be found 
always to cross the joint face from a left dorsolateral to a right ventrolateral posi- 
tion, and the pinnule socket will be found always in the left muscular fossa. The 
fuleral ridges of succeeding oblique muscular articulations make an angle with each 
other typically of approximately 90°. This alternation in the direction of the ful- 
cral ridges accounts for the marvelous flexibility of the crinoid arm. 

The straight muscular articulation admits of motion only in the dorsoventral 
plane. The alternation in the direction of the fulcral ridges of the oblique mus- 
cular articulations admits of motion, collectively, in any direction; but the arm 
can not be rotated. Synarthries admit of motion in the plane at right angles 
to the dorsoventral plane, but the scope of synarthrial motion is always very 
limited. Syzygies admit of no motion whatever. 

While the straight muscular articulation is invariably single, oblique mus- 
cular articulations are always double. Except in Hudiocrinus, Atopocrinus, and 
the Pentametrocrinide, the first oblique muscular articulation always occurs in 
the form of two similar articulations situated side by side on the distal end of 
the second postradial ossicle (fig. 1102, pl. 19), and several of those immediately 
following may be developed in the same way. The first oblique muscular articu- 
lation of the free undivided arm consists of the articulation uniting the second 
with the third brachial, plus a large and well-developed pinnule socket, and the 
following articulations are similar except that the pinnule socket rapidly diminishes 
in size and perfection. 

In the recent comatulids the two articular faces on the distal end of each 
axillary are always exactly alike, but in the genus Metacrinus the axillaries beyond 
the first always have one of the two articular faces and the arms arising therefrom 
larger than the other, and the difference is sometimes very marked. In the closely 
related genus Pentacrinus (fossil only) the discrepancy in the size of the two faces 
becomes much more marked, so that in each postradial series there are commonly 
four main arm trunks giving off ramules at fairly regular intervals. 

The condition normal in J/etacrinus and Pentacrinus occurs sporadically in 
the comatulids, and it is not unusual, especially in Zropiometra picta (figs. 173, 
p. 89, and 1027, pl. 11), to find a specimen in which one of the distal pinnules has 
been replaced by a more or less perfectly developed arm. Replacement of a pinnule 
by an arm is much more common, however, on the second postaxillary ossicle than 
distally. In Comatula etheridgei (part 1, fig. 78, p. 131) this ossicle normally bears 
arms which are only a fraction of the length of the normal inner arms, but in most 
cases the supplementary arm is of full size. 

It occasionally happens that an axillary bears two pinnules instead of two 
arms, replacement of an arm by a pinnule occurring as well as the converse. 

Since axillaries bear arms of all degrees of diversity in size from two exactly 
similar arms to an arm and an insignificant ramule, and any pinnule may be re- 
placed by an arm or any arm by a pinnule, it seems logical to assume that pinnules, 
interchangeable with arms, are but dwarfed arms themselves derived through 
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ramules, and that their present status of pinnules has been due to the rapid increase 
in the perfection of the arm, extending from the base outward, in the direction of 
a linear series of supporting ossicles. 

In species of a number of comatulid genera one or more of the proximal pin- 
nules are normally or occasionally absent, though except for the lack of a pinnule 
socket the accompanying muscular articulations are of the usual character. This 
occurs in the genera Comatilia, Petasometra, Cyllometra, Decametra, Oligometra, 
Cotylometra, Colobometra, Prometra, Balanometra, Perometra, Erythrometra, 
Hypalometra, Atelecrinus, Thaumatocrinus, and Pentametrocrinus. Usually the 
second (first inner) pinnule, P,, is missing, as in Petasometra, Cyllometra, Deca- 

2 metra, Oligometra (very rare), Cotylometra (not usual), 
Colobometra, Prometra, Perometra (one species), and 
Evrythrometra, sometimes accompanied by the first (outer) 
pinnule, P,, as in the outer arms arising from a IIIBr 
series in Cyllometra, in Balanometra, and in Hypalometra; 
in Atelecrinus there are no pinnules on the first 10 or 12 
brachials; the second, third, and fourth pinnule pairs fail 
to develop in Comatilia (fig. 183, p. 98), and P., P,, and 
P,; in “ Antedon” impinnata, and in the Pentametvrocri- 
nide P, is frequently absent. 

That this is a more or less anomalous state of affairs 
is shown by the fact that these genera have widely differ- 
ent affinities, the related forms in all cases having the 
normal pinnulation, by the more or less constant presence 
of one or more of the missing pinnules on one or more 
of the arms, and by the common reappearance of some or 
all of the absent pinnules on regenerated arms. When 
pinnules ordinarily absent in these genera are present they 
are commonly, but by no means always, small and weak 
Fic. 228.—Lareran view or and more or less imperfect. 
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pinnules is the result of the crowding of the arm bases, 
whereby no room remains for their development. In Comatilia and in “Antedon” 
impinnata the absence of pinnules seems to be due to arrested development. 

In the Macrophreata great elasticity and a wide range of movement prevail 
throughout life at all of the muscular articulations and at the synarthries, even 
though the species may reach an enormous size. The largest species or individuals 
are but little less pliant than the smallest, or than the young. 

In the Oligophreata, though the young exhibit the same elasticity and range 
of movement as the young of the Macrophreata, and the smaller species are little, 
if any, more restricted in their motion, the adults of the larger species as a rule 
lose a large part of their original power of movement proximally, becoming stiffened 
and more or less inert. This stiffening of the proximal articulations appears to 
be correlated with size and number of arms rather than with species, and always 
begins at the base of the calyx, gradually extending outward during development. 
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In many species of this group, as, for instance, Comanthus solaster, though the 
young are as slender and as active as a young antedonid, the adults have the 
proximal portion of their postradial series so closely united that it becomes diffi- 
cult to trace the sutures and all possibility of intersegmental motion is lost. 


ARTICULATIONS OF THE PINNULES, 


The articulations between the pinnulars and between the first pinnular and 
the brachials have not as yet been studied in detail. 

Viewed from the exterior it is seen that the fuleral ridge of the articulation 
between the brachial and the first pinnular (figs. 1083, 1085, 1090, 1095, 1096, pl. 18) 
is roughly parallel to the transverse ridge on the adjacent brachial articulation; 
the fuleral ridge of the articulation between the second and third pinnulars crosses 
that of the articulation preceding at an angle of about 45°, while the fulcral ridges 
of all the succeeding articulations run dorsoventrally (fig. 659, p. 829, and part 1, 
fig. 54, p. 81). 

The two basal articulations show, in certain types, sufficient resemblance to 
muscular articulations to remove all doubt in regard to their homologies, while in 
others they are reduced almost to the status of the brachial synarthries. The 
articulation between the second and third pinnulars and all following articulations 
resemble the brachial synarthries, except that, in some if not most species, there is a 
small muscle bundle just within each ventrolateral angle. 

Describing the articulations between the pinnulars in Antedon bifida W. B. 
Carpenter wrote that the articular faces of the sezments are formed on nearly the 
same plan as those of the segments of the dorsal cirri, the opening of the central 
canal, by which every segment is traversed, being surrounded by a slightly elevated 
ring, sometimes extended into a transverse ridge, snd a depression being left by 
the beveling away of the surface in both directions that serves for the lodgment of 
interarticular ligaments. But besides these depressions there is in each of the 
basal segments, at least of well-developed pinnules, a small but deep notch in the 
ventral margin of each articular surface (fig. 1090, pl. 18), but deeper in the distal, 
and this lodges a minute muscle, by the action of which the pinnules can be so 
flexed that those of the two sides of the arm are brought toward each other, the 
converse movement of extension being effected, as in the arms, by the elastic liga- 
ments when the muscles are relaxed. 

P. H. Carpenter stated that each pinnule has a muscular attachment to the 
brachial which bears it, while in the large tropical oligophreate species the lower 
segments are united by muscles instead of by ligament or suture only. 

The pinnule articulations of Himerometra martensi, based upon the study of a 
large specimen from Singapore, may be described as follows: 

The articulation between the second brachial and P,: The joint face is some- 
what broader than high and is shaped like the joint face on the distal end of 
the radials. The fulcral ridge passes across the joint face approximately at 
right angles to the longitudinal axis of the arm. The dorsal ligament fossa is 
deeply excavated and is more broadly rounded inwardly than outwardly; a promi- 
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nent and deep ligament pit excises a portion of the fulcraf ridge just beneath 
the large circular central canal. Beyond (distal to) the fulcral ridge the joint 
face is divided into two portions, an inner and an outer, of which the latter is 
somewhat broader than the former, by a narrow intermuscular ridge which does 
not reach quite to the distal edge of the joint face. The proximal half of the 
area beyond the fulcral ridge is raised into a broad platform nearly on a level 
Ki with the summit of the fuleral ridge; the 
No distal half is rather deeply excavated. This 
LAAN excavation is especially prominent on the 
inner side, in the form of a right angled tri- 
\ angle, of which the right angle is over and 
just to the inner side of the middle of the 
central canal, the hypotenuse opposite is 
slightly convex, and the angle just inside the 
middle of the distal border of the joint face 
is produced in the form of a very narrow but 
deep groove along the distal border of the 
outer half of the joint face to the outer distal 
corner. This fossa, very large and triangular 
on the inner half of the joint face, but on the 
outer half reduced to a narrow band along the 
distal border, contains muscle fibers. On the 
outer portion of the joint face beyond the ful- 
cral ridge the excavation is not so deep. Here 
it takes the form of a right-angled triangle, 
of which the right angle, sharply rounded off, 
lies at the distal outer corner of the joint face, 
the two adjacent sides are about the same 
length, and the hypothenuse, running from 
above the central canal just beyond the mid- 
dle to the outer end of the fulcral ridge, is 
concave, but more or less indefinite. This 
fossa, less deep than that on the inner side of 
the joint face, lodges a large interarticular 
ligament. On the outer side this articula- 
tion resembles very closely that on the distal 
end of the radial, but on the inner side the 
dorsal ligament fossa is more broadly rounded, and the narrowly linear muscular 
fossa running along the distal border of the joint face expands into a large tri- 
angular fossa occupying almost the entire inner side beyond the fuleral ridge. 

The articulation between the first and second segments of P,: This is a fairly 
typical oblique muscular articulation. The fulcral ridge, which, as usual, is very 
prominent, is nearly parallel to the longitudinal axis of the arm, but the distal 
end is slightly nearer that axis than the proximal. Outside the fulcral ridge is 
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a large dorsal ligament fossa, which is somewhat more broadly rounded distally 
than proximally; a small but deep dorsal ligament pit cuts into the fulcral ridge 
just beneath the central canal, which is large and transversely oval. About the 
central canal is a broad raised area on all sides sinking gradually into the exca- 
vation of the interarticular ligament foss, which is continued as a narrow band 
of diminishing height to apices at the outer ends of the fulcral ridge. Inside 
the fulcral ridge the proximal half of the joint face is half again as high as the 
distal, and is evenly and broadly rounded outwardly, while the latter, running in 
a slightly convex line from the distal end of the fulcral ridge to the inner distal 
angle, makes there a rather sharply rounded ‘turn. A broad intermuscular 
furrow with parallel sides runs to the rim about the central canal. In the proxi- 
mal half the interarticular ligament fossa is triangular, the distal border sloping 
inward and downward and making an angle of about 30° with the fulcral ridge, 
and the approximately semicircular portion of the joint face beyond is occupied 
by a large muscular fossa of about two-thirds its area. In the distal half the 
distal border of the interarticular ligament fossa is roughly parallel with the 
fuleral ridge, though bending outward is a very broad curve in its inner half, 
and the muscular fossa is more or less boomerang shaped with a short and narrow 
inner limb coming to a point at the inner end of the intermuscular furrow, and 
a broad slowly tapering outer limb. The muscular fosse, though well differen- 
tiated, appear to contain very few muscle fibers. 

The articulation between the second and third segments of P,: The articular 
surface is semicircular outwardly, and inwardly composed of two semicircles meet- 
ing in a deep, narrow incision in the median line. The surface is moderately 
excavated, with a broad median fuleral ridge which runs from the incision be- 
tween the two semicircular halves of the inner border to a point just proximal 
to the middle of the dorsal border, including the central canal just beyond the 
proximal third. 

The articulation between the third and fourth segments of P,: The articular 
surface, of the same shape as that of the preceding articulation, is almost plane, 
but the inner portion is very slightly depressed and shows a rather broad and 
ill-defined ridge of denser tissue, appearing opaquely white against a darker back- 
ground, which crosses the joint face from the middle of the ventral border to a 
point considerably proximal to the middle of the dorsal border, including the 
central canal at the end of its ventral third. 

The articulation between the distal segments of P,: There is a broad dorso- 
ventral fulcral ridge, and near the ventral outer corners on either side a small 
deep approximately circular pit which lodges a small but compact and con- 
spicuous muscle bundle. This pair of muscles continues to the pinnule tip. 

The articulation between the outer brachials and the distal pinnules: The 
dorsal ligament fossa is deeply excavated with a deep and prominent ligament 
pit excising the fuleral ridge and separated from the large transversely oval 
central canal by a very narrow septum; in the distal portion of the articular 
face there is a large, deep, undivided muscular fossa which, in the form of a 
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narrow triangle, extends from a base coinciding with the inner side of the joint 
face to an attenuated point at the outer distal angle. The greater part of the 
outer half of the joint face beyond the central canal is occupied by an unpaired 
interarticular ligament fossa. 

The articulation between the first and second segments of the distal pinnules: 
This is essentially the same as the corresponding articulation in P,. 

The articulation between the sixth and seventh segment of the distal pinnules: 
The dorsal border of the joint face is evenly convex; the ventral border is con- 
cave; the two ventral angles are well rounded. There is the usual broad median 
fuleral ridge. Occupying two pumpkin-seed 
shaped areas, of which the rounded ends coincide 
with the rounded ventrolateral angles of the joint 
face and the sides converge inwardly to a point a 
little more than half way to the median line and 
slightly beyond the level of the central canal, are 
two large and deep muscular fosse lodging a con- 
spicuous pair of muscle bundles. 

Similar paired muscle bundles appear to oc- 
cur at all of the articulations of the distal pin- 
nules beyond that between the first two segments. 
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ARTICULATIONS OF THE CIRRI. 


The articulation between the first cirrus seg- 
ment and the centrodorsal is usually plane, but 
the periphery of the joint face may be crenu- 
late, or low ridges may extend inward for a short 
distance toward the central canal. In the Atele- 
crinide transverse fulcral ridges with deep fosse 
on either side occur, which resemble those at the 
articulations between the columnals in the larval 
stem, and there are sometimes traces of trans- 
verse ridges in other types. In its usual form 
this articulation is syzygial, like that between the 
Fic. 230,—LaTeraL view or. speciuey ceNtrodorsal and the topmost columnal. 

OF STROTOMETRA PRIAMUS. As noticed by WB: Carpenter, each of the 

cirrals in Antedon bifida is perforated by an axial 
canal (part 1, plate 13, fig. 587) of about one-fifth of its diameter, around which is a 
raised articular surface, In the oral (ventral) and aboral (dorsal) sides of this pro- 
jection there are two depressions lodging the connecting ligaments. In the basal seg- 
ments (part 1, plate 13, fig 587, ) the canal with its surrounding raised area is cen- 
tral, and the ventral and dorsal depressions are of equal size or nearly so; but in the 
terminal segments (part 1, plate 13, fig. 587, a) the canal and the articular surface are 
nearer the ventral side and the ligament fossa is both larger and deeper on the dorsal. 

The terminal claw is attached to the last segment by a plane surface so closely 
that it is incapable of independent movement. 
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There seems to be no difference of importance between the articulations of 
the cirri in different types. 


ANALYSIS OF AMBULACRAL OSSICLES, 


The arm as a whole—In studying the crinoid arm it must continually be 
borne in mind that this structure is not a true appendage, but a local evagination 
of the body wall, and that all of the brachials—that is to say, the ambulacral 
ossicles— are invariably formed in the body wall between the radials and the mouth. 

In the “cystid stage” the arms first appear as low hump-like evaginations in 
the intersegmental (radial) angles—mere bulges in the body wall. At this stage 
it is perfectly obvious that any plates formed above the radials are formed between 
them and the mouth, on the lower slope of a swelling over the top of which is the 
mouth. As the arms elongate this fundamental relationship becomes obscured but 
remains unchanged. No matter how long and slender the arms may become, or 
how many times they may be divided, they are always reducible to an evagination 
of the body wall at the line of union between two of the original body segments 
and between the dorsal and ventral surfaces which, though becoming enormously 
elongated and extraordinarily attenuated, still retains its primitive relation to 
the ventral circumoral structures by pulling out into itself ventrally loops or 
linear extensions from their intersegmental (radial) angles, and still retains its 
primitive relation to the skeleton forming dorsal surface by the formation of 
a series of dorsal ossicles extending for its entire length. 

Since this is so it is evident that the connection between the dorsal and the 
ventral surface of a crinoid in the radial regions is always along the dorsal side 
of the arm to the tip, around the tip, and down the ventral side to the mouth, 
and never across the base of the arm, as it would be in the case of a true appendage. 

Thus it is obvious that in reality all the brachials are formed between the 
radials and the mouth just as strictly as if the region between the radials and 
the mouth were a plane surface instead of being at the border line between the 
dorsal and ventral surfaces where they are together abruptly evaginated in the 
form of an enormously elongated process. 

The arm in detail—The specialization of the crinoid arm has been along the 
lines of progressively increasing length, correlated with progressively increasing 
perfection as a uniform linear series of ossicles. 

With the formation of the primary swelling the shape of the circumoral 
structures becomes more definitely pentagonal, and as the arm forms the angles 
of the pentagon become drawn out into it as radial processes from the circumoral 
rings. This radial elongation of the angles of the body is slow at first, 
slow enough to permit the brachial ossicles to associate themselves in pairs, but 
gradually increases in rapidity until they are formed as a linear series of exactly 
similar elements. 

In the comatulid arm, which is the most highly specialized arm found among 
the crinoids, traces of the course by which the distal perfection of the arm has 
been evolved are still to be seen. 
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In the 10-armed comatulids there is a very appreciable difference between the 
arms as far as the second or third syzygial pair (brachials 9++-10 or 14-++15) and 
beyond that point (see figs. 220, p. 168; 221, p. 171; and 222, p. 173). The char- 
acteristic features of the first pair of brachials have already been discussed. Be- 
tween the first and second syzygial pairs the brachials are short, usually about 
twice as broad as long and more or less oblong or wedge-shaped: beyond the second 
syzygial pair they become triangular, about as long as broad, distally elongate 
wedge-shaped, and terminally much elongated with their ends more or less at 
right angles with the longitudinal axis of the arm. 

There is a corresponding difference in the pinnules. The two lowest pinnules— 
the first (P,) on the outer side of the distal element of the first brachial pair, 
the second (P.) on the inner side of the distal element of the second brachial (first 
syzygial) pair—are typically much longer, stouter, and better developed than 
those succeeding, and the articulations between their segments, especially between 
the first and second, approach more or less closely the muscular articulations be- 
tween the brachials. Following these to the second or third syzygial pair there is 
a series of pinnules which are short and more or less rudimentary, after which 
the pinnules become greatly elongated and extremely slender. 

All the evidence seems to indicate that in the comatulid arm there is a marked 
increase in the rate of growth after the second syzygy, which reaches its full effect 
at or shortly after the third syzygial pair. 

The following facts appear to show that this is the case: The brachials become 
much longer. The pinnules become much longer, with greatly elongated segments 
On the brachials before the second syzygial pair the produced and spiny distal 
edges, when developed, stand up at right angles to the longitudinal axis of the 
arm, and are duplicated on the proximal edges; but beyond the second syzygial 
pair the production of the proximal edges of the brachials entirely disappears, and 
that of the distal edges becomes accentuated and leans gradually distally, over- 
lapping the base of the succeeding brachials. In species in which all the brachials 
are strongly carinate the keels on the earlier wedge-shaped brachials are of uni- 
form height from end to end; as the brachials become elongated the keels transform, 
by the sinking of the proximal and the rising of the distal portion, into a triangular 
overlapping spine, of which the base coincides with the mid-dorsal line of the 
brachial. In species in which the dorsal surface of the brachial bears numerous 
very fine spines those on the proximal wedge-shaped brachials are without definite 
arrangement and occupy a broad median band with parallel sides; on the elongate 
brachials following they occupy a triangle, of which the base is the distal dorsal 
edge and the apex lies at the middle of the proximal edge, and are arranged in 
longitudinal rows. Beyond the second the two elements of the syzygial pairs 
become united at an earlier stage, so that the hypozygal loses its individuality and 
the pair as a whole becomes similar to a normal brachial. 

In the secondary arms of the multibrachiate species, which replace the 10 
primary arms, the structure is much more uniform than in the arms of the 10-armed 
species, or in the arms of their own 10-armed young. There is a greater uniformity 
in the shape of the brachials, all of which are typically wedge-shaped, and the 
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series of short oblong proximal brachials is very rarely to be distinguished from 
those following. All the pinnules beyond the oral are of practically the same 
length and very similar, and all arise at the same stage in the formation of the 
brachial which bears them. The syzygial pairs are less frequent and much more 
widely separated, and may even be almost entirely lacking; the long interval be- 
tween the first and second syzygial pairs so conspicuous in 10-armed species is not 
evident. 

During development the first pinnules to appear are always the lowest of the 
elongated distal types and the next the oral pinnules; the intermediate pinnules 
on the wedge-shaped proximal brachials are the 
last formed. In Antedon the oral pinnules ap- 
pear soon after the first formation of the distal 
pinnules, but in Zathrometra many of the distal 
pinnules are present before the oral pinnules are 
formed. 

The comatulids and the Flewxibilia Impin- 
nata.—The comatulid arm proximal to the second 
syzygy is characterized by (1) the short oblong 
or wedge-shaped brachials, (2) the absence of 
syzygies beyond the first syzygial pair (the inter- 
syzygial interval between the first and second 
syzygial pairs is the longest on the arm), and (3) 
the absence of pinnules until after the brachials 
are completely formed. 

The developing comatulid at the stage when 
the arms have developed as far as the hypozygal 
of the second syzygial pair, just beyond which the 
first pinnules appear (see figs. 1208, 1214, pl. 34, 
and 1217, pl. 35), presents the following features: 
(1) The brachials are oblong, with their ends at 
right angles to the longitudinal axis of the arm; 
(2) all the brachial articulations are of the same 
nature; (3) arm flexure is effected by the con- 
traction of a ventral muscular band continuous 
with that about the mouth, there being no interbrachial muscles; (4) there are no 
pinnules; (5) the orals are well developed; (6) the radianal has just been excluded 
from the radial circlet, and the two posterior radials are not yet in contact; (7) 
there are commonly five interradials; (8) the basals are large, forming a complete 
and conspicuous circlet ; and (9) the topmost columnal has increased in size. 

In the young comatulid before the appearance of the first pinnules and the 
cirri there is no difficulty in recognizing a fairly typical representative of the Flexi- 
bilia Impinnata. 

From this stage onward the course of development of the comatulid suddenly 
changes: (1) Arm growth increases in rapidity; (2) pinnules develop on the distal- 
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most brachials, later on the two proximal brachial pairs, and subsequently on the 
intermediate brachials; (3) the brachials become much longer; (4) the ends of the 
brachials become very oblique; (5) the ventral muscle band, a radial continuation 
of the circumoral muscle band, vanishes and is superseded by a series of paired 
interbrachial muscles; (6) the articulations between the brachials, up to this time 
uniform loose sutures, become differentiated into synarthries between the first and 
second brachials, syzygies between the third and fourth and ninth and tenth 
brachials, and at regular intervals between the subsequent brachials, and muscular 
articulations elsewhere; (7) the orals disappear; (8) the radianal disappears; (9) 
the interradials disappear; (10) the basals withdraw into the interior and become 
metamorphosed into an internal septum ventral to the chambered organ; (11) the 
radials become recumbent and form a closely knit radial pentagon to the exclusion 
of all the other calyx plates; (12) 
the topmost columnal increases 
enormously in size, spreads itself 
over the outer surface of the ra- 
dials and, now become the centro- 
dorsal, gives rise to numerous 
cirri; and (13) the larval column 
is discarded beneath the topmost 
columnal. 

Thus by a sudden and pro- 
found alteration in the course of 
development of the arms, pin- 
nules, calyx, and column com- 
mencing just as the elements of 
the second syzygial pair of bra- 
chials are forming the pentacri- 
Fic. 232.—LaATERAL VIEW OF SPECIMEN OF STROTOMETRA noid of the comatulids changes 

ee from a fairly representative mem- 
ber of the Flexibilia Impinnata into a young comatulid (compare figs. 1217 and 
1219, pl. 35). 

The oblong proximal brachials, the relatively undeveloped genital pinnules, 
and the unusually large interval between the first and second brachial syzygies in 
the arms of the comatulids are therefore all remnants of the ancestral structure 
as seen in the Flexibilia Impinnata, and the true comatulid brachial structure 
is not developed until after the second or third brachial syzygy. Since the sec- 
ondary arms of multibrachiate types are not developed until after the young 
have become true comatulids, these arms are true comatulid arms throughout, the 
brachials being all wedge-shaped without special differentiation of the proximal, 
and the pinnules being all of about the same length and structure and developed 
in regular sequence. 

The arms of the Atelecrinide and Pentametrocrinide.—In Atelecrinus (part 
1, figs. 123, p. 192, and 124, 125, p. 193) and in Atopocrinus (part 1, fig. 227, p. 245) 
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there are no oblong proximal brachials at the base of the arm, all the brachials 
beyond the second being triangular. The arms in Atelecrinus are unusually long, 
and apparently they assume from the first the attributes of true comatulid arms, 
at least the triangular brachials and the regular distribution of the syzygies, not 
passing through a stage in which they are comparable to the arms of the Flexibilia 
Impinnata. The arms of Afopocrinus have never been observed, but, except for 
the absence of the IBr series, they do not appear to differ from the arms of 
Atelecrinus. This acceleration of the development of the arms in Atelecrinus is 
correlated with a retardation of the development of the pinnules before the twelfth 
brachial, which are always suppressed, and with a retardation of the meta- 
morphosis of the basals, which remain visible externally. In Atopocrinus it is 
correlated with the insertion of a supernumerary brachial between the first 
brachial and first syzygial pairs and the absence of the IBr series. 

In Thaumatocrinus (part 1, fig. 113, p. 181) and in Pentametrocrinus (part 
1, figs. 119, p. 185; 120, p. 187; and 121, p. 189) the arms are greatly elongated, as 
in Atelecrinus. This excess of arm growth is correlated with the absence of the 
IBr series and with the insertion of a supernumerary brachial between the first 
and second brachial pairs as in Atopocrinus, and with the frequent absence of P,, 
suggesting the condition found in Atelecrinus. 

In all of these genera the intersyzygial interval is unusually long, and aii 
of the syzygies are evenly spaced, agreeing with the high state of specialization 
of the arms in other ways. 

Pinnules.—In the form and number of the component segments and in the type 
of articulation between them the oral pinnules of such types as Analceidometra 
and Himerometra, and to a slightly lesser degree’ Antedon, show a striking simi- 
larity to the arms of certain of the Flexibilia Impinnata, while at the same time 
they are equally similar to the arms of the pentacrinoid before the appearance of 
the first pinnules. The correspondence is so complete that we are probably safe 
in considering them as strictly comparable structures (compare figs. 270 and 271, 
p. 207, and 1207, 1208, and 1210, pl. 34; also figs. 273, p. 207, and 1214, pl. 34). 

The oral pinnules therefore are arm branches which have failed to assume the 
adult character, but instead have remained in the condition of the main arm at 
the time of their first appearance; that is to say, they are Flexibilia arms borne 
upon a comatulid arm trunk. 

We have already seen that in 20-armed species the outer arms arising from 
each I1Br series bear more specialized pinnules than the inner, which indicates 
that they are phylogenetically more developed; in other words, of later phylo- 
genetic origin. In most types, though the outer arms are more developed than 
the inner, they are developed simultaneously with the latter; but in Comatula 
etheridgei (part 1, fig. 78, p. 131) they actually appear much later and never 
reach more than a fraction of their length. The first oral pinnule (P,) develops 
upon the ossicle which in species with the division series of two ossicles each 
becomes the axillary of the IIBr series and which in Comatula etheridgei bears 
the short arm exteriorly. In 20-armed species this ossicle is, together with the 
larval arm beyond it, thrown off and a new element is regenerated bearing two- 
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arms, of which the outer is more highly developed than the inner. At the time 
this occurs the larva is already a perfect comatulid, and therefore the two new 
arms are of the perfected comatulid type. The origin of P, appears to be identical 
with that of the short outer arms of Comatula etheridgei, with this difference, that 
at the time the oral pinnule appears the pentacrinoid arms are still in the Flexibilia 
stage. 

The very slender distal pinnules are composed of segments which, except 
for the first two, are greatly elongated, and they bear no resemblance whatever 
to the distal portion of the arms. They are true comatulid pinnules, correlated 
with the true comatulid type of arm. At the same time they are obviously of 
exactly the same nature as the oral pinnules, and it is noticeable that their first 
two segments always maintain the same size relationship with the brachials as 
do those of the latter, no matter how slender they may become. 

The genital pinnules are transitional between the oral and the distal pinnules. 
They appear after the oral pinnules and are at first greatly reduced replicas of 
them, but soon the distal segments elongate, and this modification gradually 
extends itself basally, so that they merge imperceptibly into the pinnules of the 
distal type. 

Thus while the enormously elongated comatulid arm has developed along 
lines characteristic of and more or less peculiar to the comatulids, the arm branches 
have remained permanently in the state of supplementary arms of the Flexibilia 
type, from which they differ only in their greater slenderness. This explains the 
curious uniformity in the number of pinnule segments throughout the comatulids 
as a whole. At the Flexibilia stage the arms of the pentacrinoid larve consist 
of about 15 brachials, and most pinnules have between 15 and 20 segments. 

The view that pinnules are dwarfed arm branched or ramules is quite correct, 
but in the comatulids it must be borne in mind that these dwarfed arm branches 
belong to the ancestral type of arm and not to the perfected comatulid arm type. 

That the pinnules are in reality modified arms is shown by the more or less 
frequent replacement of a pinnule by an arm, or the reverse, and the occasional 
bifurcation of a pinnule on the second segment, which then becomes axillary. 

In the ontogeny of the comatulids pinnules first appear at the tip of the larval 
arm after the first 12 to 15 brachials have been formed. P, does not appear until 
from one to half a dozen or more pairs of distal pinnules are present, and the inter- 
mediate pinnules appear from the most proximal of the distal pinnules one by one 
downward to the oral pinnules after the arm has assumed more or less the true 
comatulid character, and after P, is well grown. 

In certain types, as Comatilia iridometriformis (fig. 183, p. 98) and “ Antedon ” 
impinnata, the pinnules between the most proximal distal and the oral never appear 
at all, while in many others the last of these, P,, is never found except upon regen- 
erated arms. In Metacrinus (fig. 287, p. 215), Hypalocrinus, and Comastrocrinus 
(part 1, fig. 126, p. 195) the pinnules toward the arm tip suddenly become greatly 
reduced and finally disappear altogether, so that the terminal portion of the arm 
is strictly comparable to arms of the ancestral Flexibilia type. 
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The type of oral pinnule seen in Analcidometra, Himerometra, and Antedon, 
and directly comparable to the Flexibilia arm, is relatively rare, for almost every- 
where specialization in the form of increased slenderness has occurred, combined in 
a few types, as in Heliometra, with a considerable addition to the number of com- 
ponent ossicles. 

In many forms, especially among multibrachiate types, the perfection of the 
comatulid arm as such has resulted in the loss of the sharp line of demarcation 
between the proximal and the basal portions of the arms, with the result that two 
or more pairs of oral pinnules occur, of which the second or third may be more 
highly developed than the earlier. 

In Antedon (fig. 1040, pl. 12) the oral pinnules appear when only one or two 
pairs of distal pinnules have formed, and in this genus they remain fairly close to 
the type of structure characteristic of the Flexibilia arm. In Hathrometra many 
distal pinnules are present when the oral pinnules first are seen, and in this genus 
they have assumed certain of the characteristics of distal pinnules (fig. 289, p. 221): 
It may be that the less the difference between the oral pinnules and the arms of the 
Flexibilia the earlier do the former appear in the ontogeny. 

The present modification of the oral pinnules into tactile or protective organs 
does not indicate that the pinnules originally were of this nature. In the phylogeny 
of the comatulids the functions of the Flexibilia arm as a whole have become segre- 
gated and localized and distributed in such a way that the distal pinnules are now 
merely food-collecting organs, the middle pinnules are concerned almost exclu- 
sively with the development of the sexual products, and the oral pinnules are tactile 
or protect the disk. 

Division series, and pairing of the ossicles in the ambulacral series —The multi- 
brachiate comatulids are always 10-armed until a considerabie size is reached, when 
the 10 original arms are cast off at the articulation between the first and second 
brachials (more rarely between the third and fourth) and from the stumps axillaries 
surmounted by new arms arise. At the time of the fracture the dividing line be- 
tween the dorsal and the ventral surface of the visceral mass passes over the distal 
border of the second brachial; but before the regeneration of the new arms the 
visceral mass has so increased in size that the stumps are a considerable distance 
from this border. The region between the distal edge of what in the primary arms 
was the second brachial and the new junction of the dorsal and ventral surfaces of 
the visceral mass is spanned by plates exactly resembling those of the IBr series, 
which similarly lie entirely in the unmodified dorsal wall of the visceral mass; 
that is, plates arranged in pairs (or pairs of pairs), of which the more distal ele- 
ment is axillary, and the two elements are united by a nonmuscular articulation. 

When the junction between the dorsal and ventral surfaces is reached this type 
of plate formation ceases, and arms are produced which in every essential detail 
reproduce the arms lost. 

Thus the loss of an arm in the 10-armed young of the multibrachiate types is 
made good by the reproduction of several similar arms, which are separated from 
the original first brachial by a new series of ossicles which are reduplications of the 
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ossicles preceding the original first brachial. The net result is, no essential change 
in the free arms beyond the first brachials, but the interpolation of numerous ossicles 
of a more primitive type between the first brachials and the radials. 

Addition to the plates in the ambulacral series of the comatulids usually takes 
place at the distal end of the arm—that is, as has been explained, at the oral end of 
the ambulacral series. But in the multibrachiate forms it is evident that, when 
opportunity offers, addition to their number also occurs close to the aboral end of 
the series, as in the other echinoderms. Furthermore, while the distal brachials are 
entirely different from any plates found in other echinoderm groups, narrow, elon- 
gate, deep, more or less cylindrical structures uniserially arranged and developing 
consecutively, each better adapted than the last to the function of supporting the 
slender body extension, the interpolated plates at the arm base are all of the same 
type, develop into similar pairs, are always as primitive, broad, short, shallow, and 
platelike as the first two formed after the radials, and resemble more or less closely 
the plates of the other echinoderms. 

Stated in other words, the plates of the very highly specialized free arms are in 
the form of a linear series of more or less cylindrical ossicles, which is without a 
counterpart in the other echinoderm groups; but whenever an opportunity is offered 
for the formation of ambulacral plates on the unmodified body wall the plates are 
formed in pairs, become broadened and flattened, and in other ways approach more 
nearly the type in general common to the echinoderms as a class. 

The plates of the division series, therefore, furnish a connecting link between 
the brachials of the free arms and the ambulacral plates of the other echinoderms, 
which are formed in a double row in the body wall, differing from the latter chiefly 
in being arranged in tandem pairs instead of side by side. 

An apparently fundamental attribute of all the ossicles in the ambulacral series 
of the comatulids, excepting only those of the pinnules, which are truly uniserial 
structures, is their invariable occurrence in pairs. 

This paired condition is very evident in the basal part of the postradial series, 
where not only do all the plates up to and including the outermost axillary occur 
in pairs, the two components of which are united by nonmuscular articulation, 
but the distal element of each of these pairs also bears on its distal end two 
exactly similar ossicles side by side. The division series therefore consist of 
ossicles paired longitudinally, of which the outer carries ossicles paired transversely. 

At the arm tip new elements are always added in pairs. At first the two 
members of a pair are exactly similar and suggest the two ossicles following an 
axillary in the division series, but one of these grows much faster than its fellow, 
becoming a new brachial, while the other, lagging far behind im its development. 
becomes the basal segment of a pinnule. Thus every brachial is fundamentally 
an axillary and bears two arms one of which is of the perfected comatulid type, 
while the other never develops beyond the Flexibilia type. Sometimes two ossicles 
appear at the arm tip, one in advance of the other instead of side by side. In this 
case the two never develop to full size but unite by a close nonmuscular articulation 
and form a syzygial pair. These syzygial pairs are homologous with the pairs 
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in the division series and represent the projection into the arm proper of the 
longitudinal pairs of the arm bases. 

The growth of the crinoid arm may be described as consisting of the for- 
mation of continuous series of pairs of similar ambulacral plates, the elements 
of each pair lying side by side; one of these develops rapidly and soon gives rise 
to another pair, while the other slowly grows into a pinnule. 

Thus it appears that the comatulid brachials are each fundamentally an 
axillary, comparable to the axillaries in the division series, and the elongated 
linear series of brachials in the free arms is in reality a series of axillaries, each 
of which bears a pinnule and the continuation of the arm (another axillary). 
Whereas in the division series successive pairs of ossicles, one distal to the other, are 
produced, of which the outer element always carries a pair of exactly similar 
elements, both of which may develop into arms, or one into an arm and the other 
into a pinnule, in the arms the longitudinally arranged pairs are relatively rare, 
and in the transverse pairs one of the elements always develops into an arm, the 
other into a pinnule. 

Since the free arms of the Flexibilia are represented in their entiety by the 
pinnules of the comatulids, and the comatulid brachials are in reality axillaries 
comparable to the axillaries in the division series, the comatulid arm is composed 
of a linear series of ossicles, each homologous with the last axillary in the Flexi- 
bilia and each bearing on one side a similar ossicle and on the other a complete 
arm of the Flexibilia type. 

In certain species this arrangement has been carried over into the perfected 
comatulid arm, and we find arising from each IBr axillary a series of division 
series, each of which bears on one side an arm and on the other another 
division series, so that a long series of ossicles results, of which every second one 
gives off an arm on alternate sides (figs. 148, 150, p. 83) or on the same side 
(figs. 156, p. 83, and 134, p. 79). 

In the echinoids and starfishes the ambulacral plates are always in two 
columns, which are always sharply separated from each other in the midradial 
lines which represent the intersegmental boundaries. But in the crinoids the 
midradial regions carry the arms. 

The position of the anus, water pores (especially when only five in number, 
as in the young comatulids and in RAézocrinus), and primary nerve trunks, all 
interradially situated, shows that in the crinoids the intersegmental dividing lines 
fall in the middle of the radial areas as in the echinoids and starfishes. 

The chief characteristic of the series of ambulacral ossicles in the crinoids is 
the doubling of all the elements, usually transversely across the mid-ambulacral 
line, sometimes longitudinally, and the pairing of the ambulacral appendages on 
either side of the mid-line. This doubling is especially evident in those crinoids 
in which the arms are biserial—a condition toward which there is a greater or 
lesser amount of reversion in the comatulid arm beyond the proximal oblong 
brachials, where the following brachials for a variable distance are triangular. 

In the comatulids only the pinnules show no indication whatever of a doubling 
of their component segments. The pinnules represent the arms of the Flexibilia. 


MONOGRAPH OF THE EXISTING CRINOIDS. 201 


These arms are similarly uniserial but are developed upon axillaries, and there- 
fore always paired, lying on one side or other of the median line, never in the 
middle. In the same way at the stage when the arms of the pentacrinoid are 
equivalent to the arms of the Flexibilia they are always two in number and lie 
one on either side of the mid-ambulacral line. In the posterior arms of certain 
of the Comasteride the terminal brachial is an axillary bearing two similar 
pinnules side by side (fig. 1034, pl. 12, and part 1, fig. 47, p. 81). 

Viewed in the light of the conditions found in the echinoids and starfishes 
this doubling of the elements in the ambulacral series in the crinoids is easily 
explained as the retention of the fundamentally biserial character of the echino- 
dermal ambulacral plates. 

The comatulid arms are elongate structures developed in the midradial line 
from two columns of plates, one situated on either side of it, which have combined 
themselves in such a way as to form a secondarily uniserial branched appendage. 

Nonmuscular articulations —The nonmuscular articulations are strictly com- 
parable with the sutures between the calyx plates and between the radials, and occur 
only between elements which originate as longitudinal pairs, as in the arm and 
column, or as longitudinal series of exactly simular ossicles, as in the pinnules and 
cirri. Ossicles originating as transverse pairs are always united to the preceding 
ossicle by muscular articulation. But while the elements of transverse pairs are 
united to the preceding ossicle by muscular articulations, the elements of each pair 
immediately following an axillary are commonly more or less bound together by 
suture. In each species all of the transverse pairs of ossicles immediately following 
the outer axillaries are united to approximately the same extent as those immedi- 
ately following the IBr axillary, and in different specimens of the same species, 
where there is considerable variation in the latter, there is a similar correlated varia- 
tion in the former. Increase in size or in the number of the arms induces a broaden- 
ing of the IBr, and a closer lateral union, and the same feature is projected upon 
all the transverse pairs immediately following axillaries farther out in the post- 
radial series. As a general rule the IBr, are united for a slightly greater propor- 
tion of their interior length than the I1Br,, and the I1Br, than the I1IBr,, and so 
on, so that there is a very gradual lessening of the completeness of this internal 
union distally. The graduation is commonly so slight as to be barely appreciable, 
except in those species with a very large number of arms. 

In the pentacrinoid larve of the comatulids before the appearance of the first 
pinnules all the articulations, both of the column and of the arms, are nonmuscular. 
Specialization in the comatulid arm is in the direction of the gradual elimination of 
the nonmuscular articulations, which are replaced by unions of the muscular type. 

Up to and including the first syzygial pair of the free undivided arms all the 
ossicles beyond the radials are united in pairs by nonmuscular articulations, 
synarthries between the two ossicles immediately following each axillary, and 
syzygies between the outer pair in the division series in which two pairs are 
developed. 
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The first syzygial pair is composed of the third and fourth brachials, the 
second of the ninth and tenth, and the third of the fourteenth and fifteenth, more 
rarely of the seventeenth and eighteenth. Beyond this point syzygial pairs occur 
regularly separated by one, two, three, or four, most commonly two or three, single 
brachials, the number being more or less directly correlated with the size of the 
species. 

The long interval between the first and second syzygial pairs is a heritage from 
the ancestral Flexibilia arm, and is correlated with the retarded development of the 
pinnules borne by the intermediate brachials. 

In the secondary arms of the multibrachiate species the brachials become more 
uniform and more wedge-shaped, with less oblique ends, the pinnules become more 
uniform and stouter, the syzygial pairs become much less frequent and more widely 
spaced, and the articulations between the pinnulars take on more and more the 
character of true muscular articulations. 

In the Atelecrinide and Pentametrocrinide, in which the arms are unusually 
long and very highly developed, the syzygial pairs are more widely spaced than in 
the arms of ordinary 10-armed types, and, excepting only in Atelecrinus, the first 
syzygial pair is separated from the distal element of the first brachial pair by an 
interpolated ossicle. 

In the distal part of the arms as the brachials become more and more per- 
fected in the direction of a linear series of ossicles the two elements of the syzygial 
pairs become less and less individualized, each pair taking on more and more the 
characteristics of a single normal brachial. 

Radials.—The radials have always been considered as true calyx plates, and the 
radial circlet has, therefore, been assumed to be quite as much an integral part of the 
crinoid calyx as the circlet of basals or of infrabasals. 

The radials have the following characteristics of true calyx plates: 

In very many types they form, in the shape of a broad closed ring resembling 
the basal ring, an integral part of the cup in which the visceral mass is lodged. 

Alternating with the basals, they are usually interlocked with them in the same 
way that they are interlocked with the infrabasals. 

The size of the radials often bears roughly the same proportion to the size of 
the basals as the size of the latter does to that of the infrabasals. 

The arms often arise as slender free appendages from the middle of the distal 
border of the radials, while the latter are incorporated in the wall of the capsule 
inclosing the visceral mass. 

That these characteristics are not fundamental attributes of the radials is evi- 
dent from the following facts: 

Very frequently the radials do not form a closed ring, but are separated from 
each other by interradials, which are particularly likely to occur in the posterior 
interradius. They may become, as in the comatulids and pentacrinites, so altered as 
to cease to function as an integral part of the body wall, serving merely as bases 
upon which the arms are developed; furthermore, a variable number, often large, 
of the postradial plates may become incorporated in the body wall. 
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They are, especially the right posterior, sometimes separated from the basals 
by infraradials. 

In the Articulata as a whole and in certain sections of other groups the size of 
the radials is correlated with that of the basal portion of the postradial series and 
bears no relation whatever to that of the basals and infrabasals; this is well illus- 
trated in the comatulids and pentacrinites. 

The arms tend to arise as slender appendages from the edge of the disk, no 
matter whether the plate situated there is a radial or one of the plates of a subse- 
quent division series; unless they happen to lie at the edge of the disk the size of 
the radials agrees with that of the following postradial ossicles, and not with that 
of the preceding plates. 

From this it is clear that the only invariable attribute of the radials is their 
connection with the postradial series of ossicles. 

The origin of the radials as we know it in the comatulids indicates no relation- 
ship whatever with the orals, basals, and infrabasals, but a most intimate connec- 
tion with the arms. 

The radials do not appear until the orals, basals, and infrabasals, which arise 
simultaneously at a very early period, have attained their perfected form and 
proportions. 

The first traces of the radials are found when the swellings indicating the 
budding arms first appear and the ventral ambulacral structures have begun to 
extend toward them. 

Carpenter noticed that the radials, like the basals and orals, commence as 
expanded cribriform films, while the endogenous additions by which they are sub- 
sequently thickened are cribriform like those of the basals, and not fasciculated 
like those of the primibrachs, which originate as imperfect rings, which soon become 
filled up with lengthening fasciculated tissue, just as is the case with the columnals 
and later brachials. : 

This is probably correlated with the fact that the radials are broader than the 
succeeding plates and without further significance. 

Structurally the radials are always related to the following ossicle in exactly 
the same way that all the axillaries are related to the ossicles immediately following, 
and in certain types, as, for example, Arachnocrinus bulbosus (part 1, pl. 16, fig. 
595), there is an unmistakable agreement in form between the radials and the 
axillaries. 

The orientation of the five primary nerve trunks, which are interradial, the 
position of the water pores, which are interradial, and the location of the anus, 
which always lies in the posterior interradius, show that in the larva the five seg- 
ments of the body are the regions covered by the orals and the basals, and that the 
radials are intersegmental plates. 

Radianal.—In the pentacrinoid young of the comatulids the radianal plate 
is always found, is invariably well developed, and is always closely associated 
with the right posterior radial, usually at first occupying a position beneath its 
left lower angle from which it moves upward and outward, passing around the 
entire left side of the radial and out onto the disk. 
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Its identification in the pentacrinoids has been delayed by the fact that in 
Antedon it does not appear until relatively late, when it occupies a position between 
the two posterior radials, the left side of the right posterior radial being cut away 
to accommodate it. 

In this genus its position is essentially that of the so-called anal @ in the 
fossil forms with which it has been confused. But its relation to the right posterior 
radial is that of the radianal and not that of anal 2, it moves outward from the 
radial circlet exactly as does the radianal in other types, and anal «2, though 
greatly reduced, is usually also present. 

In Promachocrinus (see pp. 530-557) and in certain other types the radianal 
is formed before the first appearance of the radials, so that following the so-called 
prebrachial or cystid stage a stage occurs in which the radianal is the only radially 
situated plate in the calyx; but almost immediately the right posterior radial 
appears as an exactly similar plate situated just to the right of it and in the 
same transverse plane. During subsequent growth the radianal moves upward 
and toward the left until it is nearly over the apex of the posterior basal, when, by 
the approximation of the two posterior radials beneath it, it is shoved directly 
outward onto the disk and disappears. 

The radianal in Antedon is not formed until a stage in the general develop- 
ment is reached equivalent to that in which in Promachocrinus the radianal has 
reached a position near the apex of the posterior basal. 

In the comatulids until the final extrusion of the radianal from the radial 
circlet the centers of the radianal and of the right posterior radial always lie in 
the same transverse plane, the radianal moving upward and outward as the radial 
increases in size; but on account of the shape of the radial the radianal often 
appears to lie more or less beneath its lower left-hand border. 

In the Flexibilia there is the following diversity in the occurrence of the 
radianal : 

The following genera are without a radianal: Mespilocrinus, Calpiocrinus, 
Harmocrinus, Nipterocrinus, Lithocrinus, Metichthyocrinus, Synaptocrinus, Euryo- 
crinus, Amphicrinus, Dactylocrinus, Synerocrinus, Wachsmuthicrinus, Parichthyo- 
crinus. 

The radianal may be situated obliquely above the right posterior radial, pushed 
upward on the right shoulder of the elongated posterior basal, in Forbesiocrinus, 
Eutaxocrinus, Taxocrinus, Onychocrinus—in the last three being the first plate of 
the tube series, usually larger than those following. 

The radianal is rhombic and situated obliquely below the right posterior 
radial in Lecanocrinus, Cholocrinus, Pycnosaccus, Gnorimocrinus. 

The radianal is obliquely below the right posterior radial, usually between 
the basals, in Sagenocrinus. 

The radianal is more or less beneath the right posterior radial, but above 
the line of basals, in Anisocrinus. 

The radianal is beneath the right posterior radial and between the basals 
in Homalocrinus. 
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The radianal is in the form of a radial beneath the right posterior radial 
in Temnocrinus, Meristocrinus, Ichthyocrinus, Clidochirus, Cleistocrinus, Protaxo- 
crinus. 

Thus while in the comatulids the radianal moves upward and is shoved 
outward from the radial ring onto the disk where it disappears, in the Flexibilia, 
though this may occur in those types in which no radianal is present in the adults, 
there is an equally marked tendency for the radianal to retain its original position 
while the right posterior radial grows around it, culminating in the tandem 
arrangement of these two plates, both equally developed, with the radial in advance. 

In certain genera of Fistulata, as in some Larviformia, one, two, or three 
radials may have a large infraradial beneath it, while in others the radianal may 
be very much larger than the right posterior radial. 

Although occurring in a great number of diverse forms, and usually reduced 
in size, the radianal shows two outstanding characteristics: (1) It is invariably 
associated with the right posterior radial, and its reduplications (infraradials) 
are equally closely associated with other radials, and (2) whenever it is large and 
well developed it resembles a radial itself. 

This latter feature is illustrated by the following cases: 

At first in Promachocrinus the radianal and the right posterior radial are 
exactly alike and situated side by side, forming a transverse pair of similar ossicles. 

In Temnocrinus, Meristocrinus, Ichthyocrinus, Clidochirus, and Protaxocrinus, 
the radianal is in the form of a supplementary radial situated beneath the right 
posterior radial and with it forming a longitudinal pair of similar ossicles. The 
same arrangement also occurs in certain genera of Larviformia and Fistulata, often 
on more than one ray. 

In Hybocrinus the radianal lies within the radial circlet and is practically the 
equivalent of the other radials, but bears a small right posterior radial on its trun- 
cate right distal angle. 

In Baerocrinus the right posterior and the anterior radials are replaced by 
infraradials (the equivalents of radianals) which resemble the other radials 
except that they bear no arms. 

Since whenever the radianal is sufficiently developed to exhibit any distinctive 
features at all it always exhibits the characteristics of radials, and since it is 
always intimately associated with the right posterior radial, in the light of the 
conditions seen in the very young Promachocrinus, and in Temnocrinus, Meristo- 
erinus, [chthyocrinus, Clidochirus, and Protaxocrinus, the assumption is justified 
that it is in reality the equivalent of the right posterior radial. 

In the comatulids the gradual and eventually complete elimination of the infra- 
basals and basals as elements of the wall inclosing the visceral mass and the disap- 
appearance of the orals, a morphological transformation which runs hand in hand 
with the extraordinary prolongation and development of the arms, is easily traced 
in the ontogeny, and among the fossil forms we find evidence supporting the 
belief that phylogenetic advance has in general been along similar lines, involv- 
ing a reduction in the number and size of the calyx plates correlated with an 
increase in the length and size of the arms. 
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It has already been suggested that the relation of the posterior portion of the 
digestive tube to the anal area, and especially to the right posterior ray, is such as to 
result in the retardation in this region of any developmental changes along the lines 
of a reduction in the number of the elements in the calyx and its consequent simpli- 
fication. 

Thus if the radianal really is, as seems at least possible, the first element of a 
pair of exactly similar plates of which the right posterior radial is the second, and 
if this condition was originally found in all the radial areas, it is easy to under- 
stand why in the crinoids as we know them, both fossil and recent, the radianal has 
been greatly reduced and confined to the right posterior radial region or elimi- 
nated altogether. 

If at the stage in which the radianal and the right posterior radial, both of the 
same size and to all appearances just alike, are present, this pair of plates is as- 
sumed to be reduplicated in all the radial areas, an assumption which is by no 
means without justification, there would result an organism from which a broad 
series of echinodermal homologies could be worked out; for from such a pair of 
plates in each radial area additional pairs would be added either proximally or 
distally, according to whether the development of the body took place proximally 
or distally in reference to the zone or belt in which they occur; and if we add the 
possibility of larval development in the crinoids without the rupture of the vesti- 
bule, a logical connection between the recent types, the Camerata, the blastoids, and 
the cystids becomes easily traceable. 


ORNAMENTATION, 


Ornamentation is the exponent of, or the resultant from, a superabundance of 
vitality or excess of ontogenetic energy over the immediate needs of the individual. 
It is limited in its manifestations by considerations of vital economy, which as a 
rule operate to confine it within narrow bounds. 

The fixed habit of the crinoids would appear to be conducive to the development 
of ornamentation, but their enormous specialization, intimately connected with their 
body form, and their curiously specialized method of feeding, have resulted in such 
a delicate adjustment to their environment that only a slight departure from a 
generalized type is possible. 

The ornamentation of the recent crinoids is confined to comparatively slight 
modifications of the edges or exposed surfaces of the ossicles and much of it, 
though undoubtedly ornamental in origin, has come to possess a secondarily eco- 
nomic function exactly as has happened in the case of many other animals. 

Comatulid ornamentation appears to be (exclusive of the very distinct inter- 
articular ornamentation) divisible into three general types, one including all the 
productions of the free edges of the ossicles, another the lateral compression and 
carination of the median line of the ossicles, and the third the general modification 
of the exposed surfaces; but all three types intergrade more or less. 

The first type appears to be the most primitive and appears earliest in the 
ontogeny, while the last is the most specialized and is the latest to become evident; 
it is only found in highly specialized genera. 


MONOGRAPH OF THE EXISTING CRINOIDS. 209 


In practically all species of comatulids the distal dorsal border of the brachials 
is more or less produced outward over the base of the succeeding segments (figs. 
1059, pl. 14, and 1070, pl. 15), and at the same time is more or less spinous or sharply 
dentate. This character appears in the young not long after the beginning of the 
free existence. It is primarily the result of the cessation in the longitudinal growth 
of the ossicles, due to the development of the articular faces and the fixation of the 
organic matter in a more or less stable form before the deposition of calcareous 
matter has ceased—an expression on a small and limited scale of the well-recognized 
fact that skeletal structures continue to develop after the other structures have 
reached maturity—the further calcareous deposition taking place at the only point 
possible, the free distal edge of the ossicle bordering the dorsal ligament fossa. 

As a rule the production of the distal edge of the brachials is not evident 
proximal to the fourth brachial of the free undivided arm, gradually increasing in 
intensity from that point outward, but diminishing again near the tip. 

The distal edges of the pinnulars, except the first two, are almost always pro- 
duced and spinous, like the distal edges of the brachials, and this feature increases 
from the base of the pinnules outward. 

In the cirri spinous distal edges on the segments are not common. They occur 
in the species of the genus Colobometra and in a few of the species of Zhalasso- 
metra, where they are developed on the basal segments and extend outward in 
diminishing intensity onto the fixed proximal segments. They never occur on the 
mobile outer cirrals. 

In the Macrophreata the production of the distal dorsal edges of the brachials 
and of the pinnule segments is always very slight, though always present, at least 
distally. It is sometimes reduced to a row of fine spinelets, which are scarcely 
visible even under a good glass. In the Oligophreata it is always pronounced and 
is often carried to extremes, as in the Comasteride, especially in the species of 
Comaster and in certain species of Comanthus, in most of the species in the Zygo- 
metride, in many of those of the Himerometride, Mariametride, Charitometride, 
and Thalassometrine, and particularly in the genus Colobometra. 

This produced distal dorsal edge of the ossicles is always serrate for the 
reason. that all free calcareous borders of crinoid ossicles increase by sending out 
more or less slender and tapering teeth, as is well seen in the development of the 
orals. With further growth the interstices between these teeth may become more 
or less filled up, resulting in a comparatively smooth edge, and this appears to 
take place in certain species of such genera as Himerometra and Zygometra. 

In a few species, such as Strotometra ornatissima (part 1, figs. 101, 102, 
p. 163), Perissometra patula, Charitometra basicurva, Eudiocrinus ornatus (fig. 
190, p. 111), Heterometra crenulata, and Heterometra aspera, the distal border of 
the earlier wedge-shaped or oblong brachials is abruptly turned outward, form- 
ing a conspicuous ridge across the arm. This reaches a maximum in Strotometra 
ornatissima and is well illustrated in Charitometra basicurva and in Ludiocrinus 
ornatus, but in the other species it is only slightly marked. 

In most comatulids the lateral edge of the ossicles is smooth and straight, but 
occasionally it becomes produced, wholly or in part. Such a production of these 
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lateral edges gives rise to thin flange-like borders, which are usually ventrolateral, 
in this case assisting to support the visceral mass, more rarely dorsolateral. These 
are usually widest at the point of maximum growth activity (the distal corners) 
and may be wholly or chiefly confined to this location. 

In general, this type of ornamentation is confined to the first brachial pairs 
and their reduplications, or to the first two pinnule segments, but it is occasionally 
developed on all the brachials and pinnulars. 

In the Macrophreata production of the ventrolateral border of the ossicles 
is very rare, but it is seen in the Atlantic species of Antedon and in species of 
Eumetra and Iridometra and one or two other related genera. It does not occur 
in the Comasteride, Zygometride, Himerometride, Thalassometridz, Charitomet- 
ridx, or Mariametride. In certain species of the genera Stephanometra (figs. 125, 
130, p. 79), Cenometra (fig. 122, p. 79, and part 1, fig. 87, p. 143), Colobometra, 
Cyllometra, Decametra, Oligometra, and Cotylometra, as well as in some 
forms of certain species of Lamprometra, it is usually strongly developed, taking 
the form of broad, thin, rounded processes, usually more or less confined to the 
distal half of the ossicles and not occurring beyond the second brachial of the 
free undivided arms. In the Calometride a similar condition is found, but the 
lateral processes are more extensive and arise from a greater part of the lateral 
borders of the segments. They often are in apposition laterally, so that the lateral 
portion of the visceral mass is completely inclosed in a calcareous casing. 

The edges of these lateral processes, though very thin, are ordinarily entire 
and smooth, for the deposition of calcareous matter in the crinoids in other 
directions than that of rapid directive growth always leaves a clean, smooth edge 
such as is seen on the posterior borders of the orals as contrasted with the opposite 
growing angles; but in a few forms, such as Cotylometra ornata, and the species 
of Pectinometra, they are regularly serrate or coarsely denticulate always, how- 
ever, with a smooth margin to the minor processes. 

In very many of the genera which have the arm bases flattened against each 
other, especially those in which the IIBr series are 4(3+4), the whole lateral 
border of the ossicles appears to have been pushed outward so that the ossicles are 
sharply flattened laterally, yet when viewed dorsally appear to be strongly convex 
dorsally with narrow, produced, and flattened borders. This is characteristic of 
the species of Amphimetra, Heterometra, and Craspedometra of the Himeromet- 
ride, of Crinometra, Crossometra, Perissometra, Pachylometra, and Glyptometra 
of the Charitometride, of certain species of 7halassometra, and is seen in a few 
species of Dichrometra, Liparometra, Lamprometra, and Mariametra of the Maria- 
metridee. In Glyptometra the dorsolateral edges of the segments are sometimes 
everted and stand out as a thin interradial keel. 

In Pecilometra (figs. 118, 132, p. 79, and 229, p. 186), which has the division 
series and arm bases close together but not quite in apposition, the dorsolateral 
border of the ossicles has become produced, resulting in a uniform thin flange-like 
border about the edges of the sezments of the elements of the IBr series and of the 
first brachial pairs. 
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The ventrolateral edges of the pinnule segments are less frequently produced 
than are those of the earlier brachials. Such production, resembling that of the 
elements of the division series and of the first brachial pairs in Stephanometra, 
is found in Colobometra and in Comatula, while in Comiéssia the distal ventral 
angle of the pinnulars is produced into a long sharp spine, most marked in @. 
peregrina. In a few cases the dorsal outer border of the outer pinnulars may 
be more or less extravagantly produced, standing up high above the general 
distal profile of the pinnule. This is characteristic of the Comactiniine, especially 
of the genus Comactinia, and is equally well marked in some of the Comasterine, 
most noticeably in Comaster belli. In the genus Nemaster of the Capillasterine 
it also occurs, but is confined to the oral pinnules, not extending for a greater or 
lesser distance along the genital pinnules as in the other forms. 

Occasionally only the first two pinnule segments are modified. In certain 
species of the genera Vemaster, Comatella (fig. 1041, pl. 12), Comatula, and Lepto- 
nemaster, and in all the species of the Calometride, the two basal pinnule seg- 
ments bear a high, thin, rounded, dorsal keel. This modification is usually con- 
fined to the lower genital pinnules, not occurring, or being but slightly evident, 
upon the oral pinnules; in Leptonemaster and in the species of Calometride, 
however, it is most noticeable on P,, rapidly diminishing in intensity distally. 

In most of the species of Himerometride, Mariametride, Stephanometride, 
Zygometride, and Colobometride the segments of the lower pinnules following 
the first two are more or less, sometimes very, strongly carinate. 

All of the species of the Oligophreata exhibit more or less tendency toward 
a styliform or prismatic shape in their pinnules which is occasionally reflected in 
their cirri. This is seen in the rhombic section of the cirri in Pectinometra acan- 
thaster, and in the rounded triangular section of the cirri in certain of the Colobo- 
metride; in Pterometra (fig. 208, p. 146) the central profile of the cirri has become 
more or less sharpened, in the mid-ventral line being produced into a long, sharp, 
ventral spine. 

In the pinnules whenever the tendency toward a prismatic condition is very 
strong any production of the dorsal distal edge becomes localized and shows itself 
at the ventrolateral angles and in the mid-dorsal line. This is best shown in 
the lower pinnules of such species as Oligometra serripinna (fig. 315, p. 227) or 
O. carpenteri, and in Heterometra crenulata and H. producta; in a somewhat. dif- 
ferent aspect it is evidenced in the terminal combs of the species of Comasteride. 
It is traceable in most of the Oligophreata. 

Next in frequency to the production of the free edges of the ossicles comes 
the development of fine spines over more or less of the dorsal surface. There are 
two distinct varieties of this type of ornamentation. 

When developed beyond the first brachial pair the projection of the distal 
edge of the brachials and the spinosity of the dorsal surface appear to have a 
certain connection, for the development of a spinous dorsal surface always begins 
at the distal edge of the segments and slowly spreads proximally. In a few species, 
as in Cosmiometra aster (fig. 215, p. 159) and in some species of Oceanometra (figs. 
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220-222, pp. 168-173) and Thalassometra, the dorsal spinelets are arranged in 
regular longitudinal lines, but usually, as in the Comasteride, they are studded 
thickly over the dorsal surface, at first small and fine, but becoming larger and 
coarser distally. In certain of the Thalassometride, as in the genus Asterometra, 
there is a tendency for these spines, when developed on the pinnulars, to become 
segregated along the crest of the dorsal ridge. 

In the Comasteride all the postradial elements beyond the first brachial pair 
are thickly covered with small spines, and this character is of such constancy as to 
be of considerable diagnostic value, so that single brachials or pinnulars may 
usually be determined as of species of that family by it alone. In the other groups 
it is rarely well developed, and when present it is commonly confined to the 
brachials, and usually to the outer half of their dorsal side, not occurring, or 
being but imperfectly developed upon, the pinnulars and the proximal half of the 
brachials. It is most prominent in species with prismatic pinnules. 

The spinosity of the elements of the first brachial pairs, of the elements of the 
division series, and of the radials, is apparently of an entirely different type and is 
of very great systematic significance. Whereas the spinelets on the surface of the 
outer brachials and of the pinnulars are directed anteriorly and are much better 
developed on the outer part of the segments than on the inner, those on the proximal 
ossicles and on the radials are erect, distributed uniformly over the plates or form- 
ing borders around the edges of the dorsal surface which are of the same width 
proximally as distally and are composed of spinelets of equal size. 

In the genera Oceanometra (figs. 220-222, pp. 168-173), Thalassometra (figs. 
223, 224, pp. 175, 177), Stylometra (fig. 219, p. 166), Sarametra (part 1, fig. 109, p. 
175), and Zenometra the radials, division series, and lower brachials are always 
covered with fine spines, these furnishing valid generic and specific characters of 
the highest importance. Typically these spines are uniformly developed all over 
the dorsal surface of the ossicles, but in certain species they are much larger along 
the borders. In the genus Crinometra (figs. 678-683, p. 338) the radials, division 
series, and first brachial pairs are usually thickly covered with small spines or 
tubercles of various sizes. These may be arranged in horizontal rows, as in 
C. gemmata (fig. 679, p. 338), or may be quite without arrangement; they may be 
entirely and well separated, or confluent. 

The species of Mariametra (figs. 196, p. 124, 197, p. 125, and 684, p. 338) also 
have spinous radials, division series, and first brachial pairs, but the center of the 
ossicles is always smooth and obscurely carinate, the keel being sometimes more or 
less tubercular. »A similar condition also occurs in certain species of Cosmiometra 
and of Crinometra. 

Like the development of spinosity on the dorsal surface of the postradial 
ossicles, the development of a median dorsal carination appears to be divisible into 
two types, each quite distinct from the other, though both often occurring together, 
and both reaching their maximum in the same groups. In one type only the outer 
brachials are affected, from the first or second syzygial pair onward (more rarely 
only the distal brachials), and in the second only the division series and first 
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brachial pairs, together with the radials. The first type is always accompanied by 
a strong lateral compression of the brachials, and the carination has a tendency to 
lean anteriorly, taking the form of a more or less broad overlapping spine. The 
second type is, on the other hand, accompanied by a considerable broadening of the 
plates affected, and the carination is perfectly erect. 

Carination of the distal brachials does not occur unless those segments are 
smooth dorsally; but carination of the division series and first two brachials is 
almost invariably accompanied, as in Crinometra (figs. 678, 680, 683, p. 338), Maria- 
metra (fig. 684, p. 338), Glyptometra, Perissometra (fig. 658, p. 329), Cotylometra 
(fig. 199. p. 129), Oceanometra (figs. 220-222, pp. 168-173), and Thalassometra 
(fig. 224, p. 177), by a spinous or tubercular modification of the dorsal surface. 

In the Comasteride a very thin, narrow, low, and inconspicuous median eleva- 
tion which can be detected only with difficulty occurs more or less constantly on 
the brachials of certain species of Comatula, and in Comatonia a few of the lower 
brachials have the central portion elevated into a blunt keel with a spinous crest. 
Except for these cases neither type of carination is ever found in the Comasteride 
other than as a rare variant, nor in the Zygometride, Himerometride, or Stephano- 
metride. Proximal carination occurs in all the species of Mariametra (figs. 196, 
p. 124, 197, p. 125, and 684, p. 338), though never found in those of Dichrometra, 
Oxymetra (fig. 195, p. 122), or Pontiometra (fig. 194, p. 120), and in Cotylometra 
ornata (fig. 199, p. 129), though not in @. gracilicirra nor elsewhere in the Colo- 
bometride. In the Tropiometride distal carination is characteristic of all the 
smaller species of 7'’ropiometra (fig. 173, p. 89), but is not found in the two largest. 
Tt occurs in all of the species of Calometride, in one genus of which there is also a 
very slight proximal carination in a few of the species. 

It is in the Thalassometride that both types attain their maximum develop- 
ment. In the Ptilometrine the distal carination is excessive, though usually it does 
not occur on the lower part of the arm; but certain species of Asterometra (those 
allied to A. longicirra [figs. 206, 207, pp. 148, 145]) and of Pterometra (those allied 
to Pt. trichopoda [fig. 208, p. 146]) may possess very strongly marked proximal 
carination, this reaching its maximum in some of the species of the former (figs. 
206, 207, pp. 148, 145), though entirely absent from others (fig. 209, p. 149, and part 
1, fig. 94, p. 155). In Stiremetra and in Cosmiometra (figs. 218, 214, pp. 155, 157) 
only proximal carination occurs, in the latter being only faintly evident. In 
Stylometra (fig. 219, p. 166, and part 1, fig. 35, p. 73) only distal carination is found, 
here, however, reaching its greatest development. In Parametra both types are 
found, the distal, except in one species (fig. 218, p. 164), strongly marked, the 
proximal scarcely noticeable. In Z’halassometra both types are found, though 
never in the same species. In Oceanometra gigantea (fig. 220, p. 168) the proximal 
carination is curiously restricted to the second element of the first brachial pairs 
and to their morphological reduplications, never occurring on any of the other seg- 
ments. The species of Stenometra (fig. 211, p. 152) and Daidalometra (fig. 212, p. 
153) have all the postradial ossicles very strongly carinate. 
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In the Charitometride no true carination is found, either proximal or distal. 
In the genera Crossometra (figs. 673, 675, p. 335), Perissometra (figs. 698, p. 329, 
and 670, p. 335, and part 1, fig. 100, p. 162), Pachylometra (figs. 671, 672, p. 335), 
Chondrometra (part 1, fig. 99, p. 160), Chlorometra (fig. 228, p. 184), Calyptometra 
(figs. 676, 677, p. 338), and Crinometra (figs. 678-683, p. 338, and 674, p. 335) the 
dorsal surface of the division series and lower brachials is commonly tuberculated. 
These tubercles may be coarse, low, and irregular as in Chondrometra robusta, 
Perissometra lata (fig. 658, p. 329), or Crossometra investigatoris (fig. 673, p. 335), 
or they may be small, high, and subequal in size as in Crinometra margaritacea 
(fig. 683, p. 338). Often a generally rugose or tuberculated surface bears a median 
line of high rounded tubercles, as in Perissometra selene (fig. 227, p. 182) or in 
Crinometra concinna (fig. 678, p. 338), or a more or less sharp median carination 
standing out prominently as in Glyptometra tuberosa. In these genera the median 
line of the division series and of the first brachial pairs is usually occupied by 
larger tubercles than the remainder of the dorsal surface, or it may, as in Maria- 
metra subcarinata (fig. 684, p. 338), be quite smooth, the tubercles being confined 
to the interradial areas. In Aglaometra eupedata (fig. 225, p. 179) each of the 
elements of the IBr series has a single large rounded tubercle on either side. 

None of the macrophreate species possess any trace of either type of carination. 

In certain of the Macrophreata (part 1, figs. 112, p. 179, and 110, p. 176), 
much more rarely in the Oligophreata (figs. 192, 193, 200, pp. 115, 117, 130, and part 
1, fig. 86, p. 141), the articular fulcral ridges of the apposed joint faces are pro- 
duced outward, forming strong and very prominent tubercles. The tubercles 
formed at the synarthries are always larger than those formed at the oblique 
muscular articulations, and they are more prominent as they occupy the median 
dorsal line; these are known as synarthrial tubercles. The tubercles formed 
at the oblique muscular articulations only occur between the more or less oblong 
brachials at the base of the arm (fig. 233, p. 193, and part 1, fig. 121, p. 189) ; 
they are from four to eight in number and rapidly diminish in size distally. 
Their prominence is not necessarily correlated with that of the synarthrial tubercles. 

Synarthrial tubercles are rather strongly developed in all of the larger 
Antedonide; they are very prominent in the Zenometrine, especially in Psathyro- 
metra (part 1, fig. 110, p. 176), and reach their maximum in the genus Perometra 
(part 1, fig. 112, p. 179) and in Neometra diana (fig. 200, p. 1380). Curiously 
enough, they are equally large in the oligophreate Amphimetra ensifer (part 1, 
fig. 86, p. 141) and well developed in A. discoidea, though obsolete or quite non- 
existent in all the other oligophreate forms, as well as in the Atelecrinide and 
in the Pentametrocrinide. 

When the articular tubercles between the proximal arm ossicles are developed 
the arm base is said to be tubercular. As the tubercles alternate with each other 
on either side of the arm the effect is very characteristic (fig. 233, p. 193, and 
part 1, fig. 121, p. 189). 

Such tubercular arm bases are characteristic especially of the species of 
Heliometrine and Pentametrocrinide among the macrophreate forms, and of 
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Heterometra crenulata and H. philiberti among the oligophreate. They are 
found, rather less developed, in Perometra (part 1, fig. 112, p. 179), Asterometra 
(fig. 209, p. 149, and part 1, fie. 94. p. 155), and Pédlometra, and in certain other 
of the larger and stouter species of many other genera. 

In many oligophreate species specimens are often found with a white or very 
light mediodorsal line along the division series and the arms, this line being 
usually bordered on either side by a narrower dark or black line. Very fre- 
quently this line resembles a mediodorsal carination so closely as to be with 
difficulty distinguished from it, and the confusion is increased by the fact that 
both the line and the carination very often, as in certain species of Comatula, 
occur together. Such a dorsal stripe is invariably found in the species of the 
genera Ludiocrinus and Cotylometra and usually in the species of Colobometra and 
Pterometra. It is very common in all of the species of Comatula and in many 
of those of Comanthus and Comanthina, as well as in various species of Cyllo- 
metra and Pontiometra, and in Oligometra serripinna. 

A somewhat less common condition is a narrow black mediodorsal line. Such a 
line is seen in Coccometra nigrolineata, in Mariametra margaritifera, and in many 
of the species of Comaster, in all of which it is fairly constant. Only in Maria- 
metra margaritifera, however, does it cover a median carination. 

The ornamentation of the proximal ossicles by the development of spines 
or tubercles on the dorsal surface or by the development of spines along their 
borders indicates a primitive type and is characteristic of the young of many 
species, of which the adults are almost or quite unornamented. Thus in Helio- 
metra glacialis the elements of the division series and the lower brachials of 
the young have very spinous borders which are entirely lost later in life, while 
in many of the species of 7halassometra the young have an excessive development 
of spines on the borders of all the proximal ossicles, which in the adults are nearly, 
or even quite, smooth. 

Thus by a study of this type of ornamentation we are able to judge more or 
less accurately of the comparative phylogenetic importance of many genera and 
species and are able to appreciate the fact that the extremely ornate species of 
such genera 1s the West Indian Crinometra and Stylometra are really more primi- 
tive than the corresponding species of the closely related, but far less ornate, 
species of the East Indian genera Crossometra, Perissometra, Monachometra, 
Pachylometra, and Cosmiometra; and also that the spinous or tuberculous species 
of such genera as Glyptometra, Parametra, Cosmiometra, and Thalassometra 
occurring in the central East Indian region are more primitive than the much 
less spinous or tuberculous species of the same or closely allied genera occurring 
in southern Japan, the Hawaiian Islands, New Zealand, or the Lesser Sunda 
Islands. Similarly, it is evident that the species belonging to the genera character- 
istic of the Antarctic region, all of which are noticeable for the development of 
spines or keels on their ossicles, are more primitive than the species of the genera 
characteristic of the Arctic region, all of which are smooth, though spinous when 
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PERISOMIC PLATES. 


The perisomic plates as usually understood are the plates developed within, 
and entirely confined to, the integument of the ventral surface. They vary very 
considerably in size in different species, and even in different parts of the same 
individual. Though in general their shape and manner of occurrence is fairly 
uniform, it is sometimes quite fortuitous; usually they are quite irregular, but in 
places where the integument is more or less modified or assumes a special form, as 
along the raised borders of the disk ambulacra or in the so-called lappets fringing 
the sides of the ambulacral grooves of the arms and pinnules, the included calcareous 
deposits are cast or molded during formation into definite shapes. This is espe- 
cially noticeable in the case of the covering, or side and covering, plates which occur 
along the brachial and pinnule ambulacra forming such a characteristic feature in 
the Calometride, Thalassometride, Charitometridee, and (covering plates only) 
certain genera of the Capillasterine. 

Originally the body of the crinoid was entirely inclosed within a calcareous 
capsule consisting of a central plate (commonly represented by a stem), three 
alternating rows of calyx plates of which the last bore processes on their outer 
borders, and a circlet of five apical plates (orals) about the pole opposite the central 
plate the individual elements of which agree in orientation with the elements of the 
middle row of calyx plates. Such a condition is seen in the pentacrinoid young of 
the comatulids after the formation of the arms. 

Development from this type has been through the reduction of the calyx plates 
row by row and the resorption of the orals, so that a progressively increasing part 
of the body wall of the animal was left unprotected by the original covering. 

In most of the comatulids this process has been carried so far (part 1, fig. 74, 
p. 127) that the representatives of the original calyx plates now merely form a 
small button beneath the center of the visceral mass, which rests mainly on the arm 
bases, with its entire ventral and much of its lateral and dorsal surface exposed. 

As the original calyx plates withdraw, leaving areas of unprotected perisome, 
new skeletal elements in the form of minute spicules appear in the latter, which 
may persist as spicules of various shapes and sizes, or may develop into more or 
less perfected plates. 

The first vestiges of the calyx plates (fig. 1200, pl. 31) are in all ways similar 
to the spicules in the perisome, but while the latter ordinarily do not develop, or 
develop irregularly, the former grow very rapidly and regularly into definite cal- 
careous structures (figs. 1200, 1197, 1196, pl. 31). The fact that the perisomic 
spicules sometimes develop rapidly and regularly into very definite and highly 
complicated plates, as in the case of the side plates on the pinnules of the species of 
Calometride (figs. 835-842, p. 405), Thalassometride (figs. 859-866, p. 419), and 
Charitometridx (fig. 816, p. 385), shows that there is no tangible fundamental 
difference between the primary and the perisomic plates. 

The perisomic plates, ontogenetically similar to the prunary plates, and wher- 
ever this is possible running the same developmental course, must therefore be 
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regarded as an exactly similar body covering the development of which is induced 
by the atrophy or cessation of development of the primary plates. The reason 
that the perisomic plates are very rarely so perfected as the primary plates is prob- 
ably to be found in the much greater general mobility of the areas where they are 
formed, which tends to separate the mesodermic lime depositing cells into small 
groups, thus inducing the formation of a great number of individual spicules, 
instead of allowing these cells to lie in broad areas and thus permitting a few 
spicules to develop into large plates. 

If this is so, then the perisomic plates represent phylogenetically the most 
primitive type, and we are led to the hypothesis that the original covering of the 
crinoid body essentially resembled that of the holothurians (figs. 782, p. 366, and 
790-792, 796, p. 372), and that this covering developed into a complete calcareous 
investment comparable to that of the echinoids; in the later types wherever and 
whenever the latter is suppressed the former immediately reappears. 

Woodland states that in the disk of Antedon bifida, which he studied at 
Plymouth, the majority of the spicules lie toward the inner side of the soft integu- 
ment and are of two kinds, the imperforate thin “ glasplittchen ” of comparatively 
wide diameter and concentrically marked, and the ordinary perforated plates 
which, however, often assume a very irregular shape and occasionally become mere 
branching structures. All transitions are to be found between the “ glasplittchen ” 
and the ordinary perforated plates; the former, however, are much more common 
and exist in great numbers. The imperforate plates each originate as a spherical 
granule contained within a single cell; this granule gradually becomes larger and 
early assumes the plate-like form. Thus there is no rod or triradiate stage in the 
growth of these plates, and the plate is never of the perforate type. The nucleus 
of the original mother scleroblast divides at an early stage of growth of the spicules, 
and the number of nuclei present at different stages of growth (a score or more on 
fully developed plates) is strictly proportionate to the size attained by the spicule. 
These large, thin, squamous spicules of Antedon exist in great numbers. They are 
very easily decalcified in virtue of their extreme thinness. The dark granules so 
common in the scleroblasts of many Cucumariide are also present in the sclero- 
blasts of Antedon. 

P. H. Carpenter noted that the margins of the ambulacra of the disk, arms, 
and pinnules of the comatulids are rarely, if ever, perfectly free from any traces 
of calcareous structures, which may take the form of simple short spicules almost 
entirely limited to the marginal leaflets, or may be forked and branching spicules 
of various shapes and sizes. 

The spicules in the ventral integument of Comactinia echinoptera were long 
ago figured by Carus. 

Present within the integument in all of the comatulid groups the perisomic 
spicules are often, as in Antedon mediterranea and in the Macrophreata generally, 
of small size and quite invisible exteriorly. When this is the case the species is 
said to have an “unplated” disk. They may, however, become enlarged and stand 
out from the integument as calcareous plates or nodules of various sizes and shapes, 
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either isolated or in groups, as seen in Antedon petasus (fig. 747, p. 349) and in 
Comatula solaris. In many cases they are so frequent as to form a more or less 
solid plating all over the surface of the disk, as is seen in the Zygometride (figs. 
1155-1157, pl. 25), Thalassometride, and Charitometride (figs. 1159-1161, pl. 26), 
and especially in the Calometride (figs. 735-737, p. 349). When this occurs the 
disk is said to be “ plated.” 

In the young comatulids and in the later pentacrinoids there are, so far as we 
know, no perisomic plates other than those bordering the ambulacral grooves which 
appear almost simultaneously with the latter. 

In the young of Comactinia meridionalis, and probably also of other com- 
asterids, large thin fenestrated plates forming an uninterrupted layer appear in 
the integument during the later pentacrinoid stages, when there are as yet only five 
cirri, the orals have scarcely commenced to undergo resorption, the mouth is central, 
and the digestive tube makes but a single coil. As the orals are resorbed these 
plates also gradually disappear from the ventral surface of the disk, persisting, 
however, until considerably later in the lateral perisome between the arms. Some 
time after the complete elimination of these plates the perisomic plates of the usual 
type appear. 

The plating on the disk of the young of Thawmatocrinus renovatus (part 1, 
fig. 117, p. 183), as described and figured by P. H. Carpenter, is probably of the 
same nature. 

These plates are probably to be interpreted as homologous with the plates 
covering the disk in certain paleozoic types, those in the laterodorsal interbrachial 
regions (part 1, fig. 412, p. 317), which are larger, more solid, and more per- 
fectly formed, being the representatives of the interradials and interbrachials. 
They exist only so long as the narrow perisomic areas between the outer borders 
of the orals and the radial circlet are held taut and inflexible by the surround- 
ing plates. When with the resorption of the orals and the retreat of the basals 
these areas increase in size and movements of the external surface due to the 
movements of the internal organs take place they soon disappear. 

They are thus in reality primary plates of the disk—that is to say, plates 
which have reached the maximum development possible under the mechanical 
limitations imposed by slight general perisomic movement. Their successors, the 
so-called perisomic plates of the disk, as a result of the great increase in the 
mobility of the surface of the disk during the growth of the animal, usually 
remain at a much earlier developmental stage. 

The persistence of the plates in the interbrachial areas is due to the fact 
that amplitude of motion here increases very much more slowly than on the disk 
and is always very limited. 

Comaster belli, C. noveguinee, C. multifida, and Comanthina schlegelii often 
have the interradial portions of the lateral perisome, as well as the spaces between 
the division series and arm bases, completely covered with a solid pavement of 
plates by which the various primary elements are closely cemented together. 
These plates are sometimes so developed that each of them appears strongly 
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convex on the outer surface, just as do the plates often seen in a similar position 
in many of the fossil species. 

This plating is always, so far as known, found in Comaster belli, almost 
always in Comanthina schlegelii, but only occasionally in the two species of 
Comaster, where, however, it reaches its highest development. 

I previously regarded these plates as the sum of all the calcareous particles 
within the portion of the perisome affected, which have become cemented together 
into a uniform granular calcareous sheet, which, with the consequent increase in 
rigidity, always maintained sutures along definite lines determined by mechanical 
considerations dependent upon the surface movements of the interradial and the 
interbrachial integument. There is no doubt that these plates are very frequently, 
if not usually, formed in this way, for all stages can be traced in such species 
as Comanthina schlegelii; but since the discovery of the large perisomic plates 
in the very young of Comactinia meridionalis (part 1, fig. 412, p. 317) and their 
persistance until comparatively late in life in the lateral interradial perisome it 
has seemed possible to consider these plates in Comanthina and Comaster as the 
interradial plates of the very young, which, instead of becoming resorbed, have 
been retained and have increased in size correlatively with the general increase 
in size of the animal, although the plates on the ventral surface of the disk have 
long since disappeared. 

These plates usually have a very definite arrangement. At the proximal end 
of the series, between the distal ends of, or just above, the radials, there is a single 
more or less rhombic plate which is followed by a double column of alternating 
subhexagonal plates; rarely there are some additional, usually small, plates 
inserted between these two columns. 

In the Atlantic species of the genus Antedon (figs. 1018, pl. 7, and 1145, 1146, 
pl. 23), as well as in Comatilia iridometriformis and a few other forms (fig. 
1143, pl. 23), there are found close down upon the radials in the interradial 
portion of the perisome several small plates which may be so closely united 
as to appear as a single interradial plate. Thomson supposed that in Antedon 
bifida these are derived from the five minute interradial plates sometimes observed 
in the very young, representing the last vestiges of the complete juvenile peri- 
somic plating just described in Comactinia meridionalis. He did not trace out the 
process of derivation, however, and P. H. Carpenter has suggested that they are 
in reality secondary perisomic plates originating in later life. 

The perisomic plates on the ventral surface of the disk are ordinarily dis- 
tinguishable from those in the lateral interradial areas by the common presence 
of perforating water pores, but Carpenter found that these pores are occasionally 
present in the plates occupying the interradial areas. 

P. H. Carpenter first noticed that in those comatulids which have short and 
rounded gonads and plated ambulacra the enlarged part of the pinnule is pro- 
tected by a very strongly developed anambulacral plating (figs. 1055, 1057, 1058, 
1062, pl. 14), which is much more regular and closely set than that of the disk 
and arm bases. Resting upon the four or five middle segments of the short 
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pinnules there is a double row of large plates which are rectangular at the base 
but somewhat more irregular in shape at their upper ends. There are generally 
five or six plates in each row, but those of the two sides have no fixed relative 
positions, sometimes corresponding exactly and sometimes alternating as exactly. 
These are best developed in Pwcilometra (figs. 1057, 1058, 1061, pl. 14). In the 
other genera of the Charitometride they are smaller and much more irregular, 
while those of the two sides may be separated by the ambulacrum with its well- 
developed side and covering plates. 

In Pecilometra, and in such forms as Perissometra angusticalyx (fig. 1055, 
pl. 14), these swollen genital pinnules receive no branches from the brachial ambu- 
lacra, resembling in this respect the corresponding pinnules in many of the Comas- 
teride, and the anambulacral plates covering the gonads consequently meet one 
another in the midventral line of the pinnule. The sacculi, however, which lie 
at the sides of the ambulacra, may extend onto these grooveless pinnules and 
occupy small holes between the large protecting plates, while on the outer seg- 
ments of the pinnules, beyond the gonads, the sacculi occupy the median groove 
on the upper surface of the skeleton. 

The presence of this plating over the gonads is not, as was supposed by 
Carpenter, confined to those species in which the side and covering plates are 
highly developed, but it may occur in any group. It is frequently highly developed 
in Heliometra and in Pentametrocrinus. 


Plating of the disk. 


Under ordinary examination the disk may appear quite naked, or it may be 
more or less covered with calcareous nodules or plates of various sizes which 
sometimes form a solid pavement over it. The presence or absence of a calcareous 
plating is of considerable importance from a systematic standpoint. 

Strictly speaking, the disk always contains limy deposits, even though they 
may be invisible exteriorly and microscopic in size. In certain species they are 
present in the form of very minute spicules and imperforate plates and are con- 
fined to the sides of the ambulacral grooves, but usually they are more or less 
uniformly distributed throughout the integument of the disk showing, however, 
a strong tendency to become segregated, or at least most strongly developed, along 
the ambulacra and in the middle of the interambulacral areas, especially dorsal 
to the periphery of the ventral face. Almost invariably the calcareous deposits 
are more numerous and larger in the anal area than elsewhere, especially about 
the base of or on the anal tube, and frequently this is the only part of the disk 
where they are visible. 

Speaking broadly, it may be said that among the macrophreate forms the disk 
is without noticeable caleareous deposits, while they are usually more or less 
evident in oligophreate species. There are, however, very numerous exceptions 
to this generalization. 

Except for the side and covering plates the perisomic plates are usually 
confined to the disk, or at most do not extend beyond the outermost division 
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series. Among the Thalassometride, however, there are several species in which 
the entire ventral brachial perisome is plated far out on the arms, more or less 
irregular plates being present between the ventral processes of adjacent brachials, 
and between the brachials and the side and covering plates. 

As a rule, if the disk is well plated side and covering plates are also strongly 
developed, but there are several interesting exceptions to this, for instance in 
the families Zygometride, Himerometride, Mariametride, Colobometride, and 
Pentametrocrinide. 

Completely plated disks are always entire, and always approach, as nearly as 
possible, a spherical form (figs. 734-737, p. 349). Partially plated disks, like 
naked disks, may assume any form. 

No one has ever studied the disk in Atelecrinus (figs. 1163, 1164, pl. 26) ; it 
contains no deposits visible to the naked eye. 

In the species of Pentametrocrinide no calcareous deposits are visible except 
in Pentametrocrinus semperi (fig. 1158, pl. 25) and in P. atlanticus, in which the 
disk is well covered with a pavement of small rounded plates. In the young of 
Thaumatocrinus renovatus (part 1, fig. 117, p. 183) the perisome between the inter- 
radials and the orals is completely covered with plates, as in the young of 
Comatilia iridometriformis (part 1, pl. 2, fig. 529) and of Comactinia meridionalis, 
but as in these comasterids these plates appear to be resorbed. 

In the species of the family Antedonide the disk is naked except in three genera. 
In the curious genus Lrythrometra (figs. 666, 667, p. 329) the disk is usually 
naked on the ventral surface, but the lateral interradial areas bear two or three 
columns of rounded interradial perisomic plates which are not in contact either 
with each other or with the adjacent plates of the primary series, and there are 
usually additional plates between the first two brachials of the arms of each pair. 
Antedon bifida possesses a naked disk, but very frequently there are small clusters 
of perisomic plates in the lateral interradial (interprimibrachial) spaces just above 
the sutures between the radials, which collectively appear as single interradial 
plates (figs. 1145, 1146, pl. 23), while in Antedon petasus (fig. 747, p. 849), and in 
the genus Mastigometra (fig. 750, p. 349), in addition to these comparatively large 
scattered calcareous nodules are often found on the ventral surface of the disk in 
the interradial areas, more particularly in the anal area. Antedon mediterranea 
and A. adriatica (fig. 757, p. 349) have the entire perisome usually without visible 
deposits. 

In the families Thalassometride (figs. 738-745, p. 349) and Charitometride 
(figs. 746, p. 349, and 1159-1161, pl. 26) the disk is usually well protected by small 
approximately uniform more or less rounded plates, the sides of the ambulacral 
grooves being always furnished with a double row of smaller irregular plates set 
very close together. While frequently in these families the plates in the inter- 
ambulacral areas form a solid pavement which, indeed, often extends outward all 
along the perisome of the arms, they are commonly somewhat isolated from each 
other and, in some cases, may be widely scattered. The plating found in the 
Charitometride is as a rule rather more highly developed than that found in the 
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Thalassometride, where the interambulacral areas of the disk commonly contain 
well-separated and often widely scattered plates. It is in the latter family, how- 
ever, that the most perfect plating of the brachial perisome occurs. In Stylometra 
(fig. 743, p. 349) the perisomic plates are more or less conical and have a spinous 
appearance, a condition which is carried even further in Pwcilometra (fig. 1161, 
pl. 26), though here the pointed ends are not so sharp. 

The Calometride (figs. 734-737, p. 349) possess the most substantial plating 
found in the recent crinoids, the plates being large and firmly united with each 
other, so that the visceral mass is inclosed in a solid inflexible dome. This plating 
is characteristic of the family and is developed at a very early age. It causes the 
visceral mass to present a globular appearance which, on account of the rigidity 
of the structure, is not affected by shrinkage in alcohol, so that a detached disk of 
any of the species of this family is recognizable at sight. The calcareous plating 
of the disk in the Calometridez is quite superficial, and it is firmly attached to the 
subjacent soft structures only along the ambulacra, so that shrinkage on preserva- 
tion merely causes the formation of cavities below the interambulacral areas of the 
plated vault without in any way altering the external shape. Im certain species 
the dorsal angles of the lateral perisome just above the sutures between the radials 
are protected by plates which are rather smaller than those on the ventral surface, 
and each of these plates rises into a sharp conical protuberance (fig. 736, p. 349) 
like the plates in Stylometra (fig. 743, p. 349, though rather more regular in form. 

In the disks of the species of the family Tropiometride (figs. 729-733, p. 346) 
no plating is ever visible. 

The disks of the species of Colobometride (figs. 727, 728, p. 346) are usually 
unplated, but in Colobometra diadema (fig. 728, p. 346) a complete pavement is 
found, the interambulacral plates being especially large, while in C. vepretum (fig. 
727, p. 846) there may be plates about the base of the anal tube. 

In the genera Zyyometra (figs. 710, 711, p. 346, and 1155-1157, pl. 25) and 
Eudiocrinus (fig. 712, p. 346) the disk is completely plated, much as in the Calome- 
tride (figs. 734-737, p. 349), though the plates are less closely united and usually 
somewhat smaller. In Catoptometra the plating is fairly complete, but is usually 
more or less undeveloped in the interambulacral areas. 

Many, if not most, of the species belonging to the family Comasteride (figs. 
685-709, p. 341, 1142, 1144, 1147, 1148, pl. 23, 1149-1153, pl. 24, 1154, pl. 25, and 
1165, pl. 26) develop large scattered irregularly rounded calcareous concretions in 
the interambulacral areas, more particularly in the anal area; but, contrary to what 
is usually the case, these are commonly unaccompanied by prominent plates along 
the sides of the disk ambulacra. Occasionally these concretions become so abundant 
on and about the base of the anal tube as to form a fairly complete covering, though 
as a rule they are sparsely distributed. 

In the Mariametride (figs. 719-725, p. 846) there is no plating visible on 
the disk except in the genus Mariametra (figs. 721-723, p. 346). In this genus the 
disk is strongly plated and may be entirely covered by a pavement of small plates. 
The disk in Pontiometra (figs. 724, 725, p. 346) appears naked, and for systematic 





Figs. 314-335.—PRoxIMAL AND MIDDLE PINNULES OF VARIOUS COMATULIDS. 314. PROXIMAL PINNULES OF 


NEOMETRA MULTICOLOR. 315. PROXIMAL PINNULES OF OLIGOMETRA SERRIPINNA (AFTER CHADWICK). 
316. PROXIMAL PINNULES OF PYILOMETRA MULLERI. 317. PROXIMAL PINNULES OF THALASSOMETRA 
PUBESCENS. 318. PROXIMAL PINNULES OF STYLOMETRA SPINIFERA. 319. PROXIMAL PINNULES OF PERO- 
METRA DIOMEDES. 320. PROXIMAL PINNULES OF CALOMETRA CALLISTA. 321. PROXIMAL PINNULES OF 
HORMOMETRA DUPLEX. 322. PROXIMAL PINNULES (WITH PRECEDING PINNULD \ BORNE BY  DIVI- 
SION SERIES) OF OCEANOMETRA GIGANTEA. 323. PROXIMAL PINNULES OF THALASSOMETRA VILLOSA. 
324, PRoxIMAL PINNULES OF AUSTROMETRA THETIDIS. 325. PROXIMAL PINNULES OF COLOBOMBTRA 
DIADEMA. 326. PROXIMAL PINNULES OF HIMEROMETRA MARTPNSI, 327. MIDDLE PINNULES OF PROMETRA 
OWSTONI. 328. MIDDLE PINNULES OF IRIDOMETRA ADRESTINE. 329. LOWER, MIDDLE PINNULES OF 
LEPTOMETRA PHALANGIUM. 330. UPPER MIDDLE PINNULES OF LEPTOMETRA PHALANGIUM. 331. MIDDLE 
PINNULES OF COCCOMBTRA HAGENII. 332. MIDDLE PINNULES OF OCHANOMETRA GIGANTEA. 333. MIDDLE 
PINNULES OF FLOROMETRA ASPPRRIMA. 334. MIDDLE PINNULES OF CALOMETRA CALLISTA. 335. MIDDLE 
PINNULES OF COMPSOMETRA SERRATA. 
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purposes it must be classed as naked; but it is rough to the touch, and Carpenter 
noticed that when touched with acid the disk of Pontiometra andersoné effervesced 
strongly, demonstrating the abundance of lime in its composition. 

In the Himerometride (figs. 713-718, p. 346) certain species of Amphimetra, 
as A, ensifer and A. schlegelii, have the cutis of the disk filled with small rounded 
plates resembling those seen in Pentametrocrinus semperi (fig. 1158, pl. 25), while 
in Himerometra (figs. 713-715, p. 346) larger and more scattered concretions much 
like those present in certain comasterids are sometimes found situated in the deeper 
layers. 

The relationships between the several types of disk and the various systematic 
groups is summarized in the following table: 


A. Naked. 
B. Small interradial plates only. 
C. Complete dorsal interradial plating, but no ventral plates. 
D. Scattered thick nodules. 
E. Very numerous, thin, noncontiguous plates, not projecting above the general 
surface of the disk. 
F. Larger, thicker, conspicuous, projecting, and, especially along the ambu- 
lacral grooves, more or less contiguous plates. 
G. A complete perisomic plating. 
a. Disk entire. 
6. Disk incised. 
Comasteride, A, B, C, D, a. 
Zygometride, F, G, a, b. 
Himerometride, A, D, E, a, 0. 
Stephanometride; Atelecrinide, A, 6b. 
Tropiometride, A, a. 
Mariametride, A, F, G, b. 
Colobometride, A, F, G, a, b. 
Calometride, G, a. 
Thalassometride, F, d. 
Charitometride, F, G, 6. 
Antedonide, A, B, D, a. 
Pentametrocrinide, A, EF, b. 


Side and corering plates. 


The perisomic skeleton of the arms and pinnules in the comatulids was first 
noticed in 1866 in Antedon bifida (pl. 50, fig. 1335) by W. B. Carpenter; in this 
species, however, it disappears before the adult stage is reached. 

In 1868 Michael Sars described the characteristic rods in the ambulacral 
lappets of Hathrometra sarsii (fig. 1174, pl. 27). 

In a semipopular article published in 1880 P. H. Carpenter figured highly 
developed side and covering plates comparable to those of the pentacrinites which 
he had found in a new comatulid (subsequently called ac@la) dredged by the 
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Challenger. In 1881 he described similar plates in Stylometra spinifera, and in 
1884 in Thalassometra lusitanica. 

In his memoir on the stalked crinoids of the Challenger expedition published 
in 1884 Carpenter wrote that the margins of the ambulacra of the disk, arms, 





Fics. 336-350.—PINNULES OF VARIOUS COMATULIDS. 336. MIDDLE PINNULES OF NEOMETRA MULTICOLOR. 
337. MIDDLE PINNULES OF STYLOMETRA SPINIFERA. 838. MIDDLE PINNULES OF ‘THALASSOMETRA 
PUBESCENS. 339. DISTAL PINNULES OF NEOMETRA MULTICOLOR, 340. ABOUT THB NINTH PINNULE OF 
AUSTROMETRA THETIDIS. 341. DoRSAL VIEW OF GRNITAL PINNULE OF AUSTROMETRA THETIDIS, 342. 
DISTAL PINNULES OF COMPSOMETRA SERRATA, 343, DISTAL PINNULES OF PTILOMETRA MULLERI. 344. 
DISTAL PINNULES OF OCHANOMETRA GIGANTEA. 345, DISTAL PINNULE OF HPLIOMETRA GLACIALIS. 346. 
DISTAL PINNULES OF LAMPROMETRA GYGES. 347. DISTAL PINNULES OF HIMBROMETRA MARTENSI. 348. 
DISTAL PINNULES OF PROMETRA OWSTONI. 349. DISTAL PINNULES OF AMPHIMETRA DISCOIDEA. 350. 
DISTAL PINNULES OF THALASSOMETRA VILLOSA. 


and pinnules are rarely, if ever, perfectly free from any traces of calcareous 
structures; they may take the form of simple short spicules, which are almost 
entirely limited to the marginal lappets, or they may be forked and branching 
spicules or rounded cribriform plates of variable size which are movable and 
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can be everted or closed down over the grooves. At the same time he figured the 
highly developed side and covering plates in Pwcilometra acela (fig. 1169, pl. 27), 
Perissometra angusticalyx, Aglaometra incerta (fig. 1166, pl. 27), Pachylometra 
inequalis (fig. 1168, pl. 27), and Charitometra basicurva (fig. 1167, pl. 27), species 
collected by the Challenger and described in 1888. 

In 1886 Carpenter found highly developed side and covering plates in an 
arctic species which he called Antedon barentsi, and which since has proved to be 
an inconstant variation of Heliometra glacialis. 

In his memoir on the comatulids of the Challenger expedition published in 
1888 Carpenter used the occurrence of highly developed side and covering plates 
as the chief criterion for systematic differentiation in the multibrachiate endocyclic 
types and as a secondary character of the highest importance in the 10-armed 
endocyclic forms. But, excepting in those species in which they are very highly 
developed, belonging to the families Calometridx, Thalassometride, and Charito- 
metridz, he does not mention the ambulacral armament at all, and even in them 
his figures and descriptions appear to haye been based upon dried material, there 
being no evidence that he ever isolated and studied the plates. Carpenter denied 
the existence of an ambulacral skeleton in the Comasteride. 

Dr. Clemens Hartlaub in 1895 described in detail and figured the side ana 
covering plates in a new species of Thalassometra, Th. agassizii (figs. 1171, 1172, 
pl. 27). The figure, drawn from material treated with hot caustic potash, shows 
large side plates parallel with the borders of the pinnulars, alternating with 
small side plates at right angles to these which bear the covering plates. 

Hartlaub suggested a new division of the species of the genus Antedon as 
then understood, placing all the forms with “plated ambulacra” in one series, 
which he called Series I, and all those with “unplated ambulacra” in another 
series, Series II. But in his Series I he puts Carpenter’s “ Elegans Group” (the 
genus Zygometra), in which the ambulacra are “unplated” and also Carpenter’s 
“Basicurva Group,” which, as outlined by Carpenter, contains species with 
“unplated” as well as with “plated” ambulacra. Similarly, in his Series II he 
includes the “ H'schrichti Group” of Carpenter (Heliometra, Solanometra, and 
Florometra) containing species which occasionally have the ambulacra heavily 
plated. 

In 1902, Mr. Frank Springer described a new comasterid, Vemaster iowensis, 
from Florida, in which the ambulacra are bordered with highly developed covering 
plates, a feature not hitherto noticed in the family. 

Dr. Th. Mortensen in 1903 described and figured large and well-formed ambu- 
lacral plates in a specimen of Heliometra glacialis from East Greenland, as well 
as the ambulacral rods of Hathrometra proliva. In 1910 he described and figured 
another type of ambulacral rod in Hathrometra prolixa, as well as the spicules in 
the tentacles; and in 1918 he described the side and covering plates and the spicules 
in the tentacles in Votocrinus virilis (figs. 1829, 1330, pl. 49) and Isometra vivipara 
(figs. 1828, 1331, pl. 49) and determined the complete absence of both types of 
deposits in Thawmatometra nutriz. 

The description of the ambulacral armature and of the spiculation of the 
tentacles in a representative series of comatulids follows: 
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Family COMASTERIDE. 


Comatella nigra—Excepting for a superficial layer of very numerous and 
very minute spicules no calcareous deposits could be detected in the thick ventral 
perisome. 

No calcareous bodies were found in the tentacles. 

Comatella stelligera—The conditions are the same as in the preceding species. 

Comatella maculata—The conditions are the same as in the two preceding 
species. 

Neocomatella pulchella (figs. 782, p. 366, and 792, p. 872).—Toward the distal 
end of the outer pinnules where they are most developed the calcareous deposits in 
the perisome of the pinnules are in the form of very thin and delicate calcareous 
films, one to each of the ambulacral lappets, very irregular in outline and con- 
siderably elongated at right angles to the pinnulars. The deposits usually, 
however, consist of a series of very slender and irregular forked or branched 
rods, in general lying at right angles to the edge of the pinnulars, intermingled 
with spicules, forming a layer of irregular spicules and rods. In the proximal 
two-thirds of the pinnules this layer is composed mainly of branched spicules 
more or less evenly spaced and with no definite orientation, forming an inter- 
rupted reticulation, but distally the spicules gradually give way to evenly spaced 
rods, two or three to a pinnular and at right angles to their borders. 

Small spicules are present in the tentacles. 

Neocomatella alata—Toward the distal end of the outer pinnules, where 
they are most developed, the calcareous deposits are in the form of very thin 
and delicate calcareous films, very irregular in shape, rather large, somewhat 
longer at right angles to the pinnules than broad at the widest part. The deposits 
are usually reduced to a series of slender, irregular, branched or forked rods inter- 
mingled with spicules, forming an interrupted reticulation in the perisome of 
the pinnule which in their distal third gradually transforms into a series of 
more regular and evenly spaced rods at right angles to the pinnulars. 

The tentacles contain irregular spicules and occasionally long and very narrow 
cribriform films. 

Capillaster sentosa—Except for numerous minute superficial spicules the 
ventral perisome of the arms and pinnules appears to be without calcareous 
deposits. 

No spicules were detected in the tentacles. 

Capillaster multiradiata—Toward the ends of the distal pinnules the apices 
of the ambulacral lappets contain small calcareous films which may be continued 
downward toward the pinnulars in the form of very narrow extensions; the 
lateral perisome of the pinnules contains more or less regularly spaced rods stand- 
ing at right angles to the borders of the pinnulars. In most pinnules no calcareous 
deposits could be found. 

There appear to be no spicules in the tentacles. 

Capillaster coccodistoma.—I was not able to find any calcareous deposits in 
the brachial or pinnular perisome of this species. 
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There appear to be no deposits in the tentacles. 

Nemaster grandis.—Each ambulacral lappet contains a large and conspicuous 
plate, very thin and delicate, triangular in shape with the outer apex rounded 
and somewhat produced. There are about three of these to a pinnular. 

Nemaster iowensis—Each ambulacral lappet contains a large and conspicuous 
triangular plate, there being about three of these to a pinnular. 

It was in this species that an ambulacral skeleton was first noticed in the 
family Comasteride. The deposits were described and figured by Mr. Frank 
Springer in 1903. 

Nemaster rubiginosa (fig. 781, p. 366)—Each ambulacral lappet contains a 
very thin and delicate conspicuous large, rounded, triangular plate, of which there 
are about three to a pinnular. 

Nemaster discoidea—I have been unable to detect any calcareous deposits in 
the brachial or pinnular perisome of this species. 

Comissia peregrina.—Vhere appear to be no calcareous deposits in the brachial 
or pinnular perisome of this species. 

Comissia litkeni—The lateral perisome of the pinnules in this species is 
almost naked, containing merely a few very slender and inconspicuous usually 
widely scattered spicules. . 

The spicules in the tentacles are very highly developed, forming a continuous 
layer along the outer side, reaching nearly to their tips. 

Commisia littoralis——The lateral perisome of the pinnules and the ambulacral 
lappets contain a great number of scattered minute spicules which become longer in 
the latter. In lateral view these spicules are seen to form bands from the lappets 
to the border of the pinnulars, where they intermingle with another band of very 
minute spicules running along the latter. 

There are no spicules in the tentacles. 

Leptonemaster venustus (fig. 783, p. 366).—In the lateral perisome of the 
pinnules are slender, very delicate, and more or less irregular, sometimes branched, 
rods, evenly spaced, lying at right angles to the border of the pinnulars, some- 
times in groups of two or three, about three (or three groups) to a pinnular. 
Occasionally these become more numerous, forming a very loose and rudimentary 
narrow crescentic meshwork about the distal border of the marginal lappets. 

The spicules in the tentacles are unusually abundant and often form along 
the distal side a continuous meshwork reaching nearly to the tip. 

Comatonia cristata (fig. 790, p. 8372) —The lateral perisome of the pinnules 
contains a series of straight and simple very slender rods leaning slightly distally, 
usually four to a pinnular, between the bases of which are the large and con- 
spicuous sacculi. 

The tentacles contain numerous extremely slender spicules, which may form 
a continuous layer along the outer side nearly or quite to the tip. 

Comatilia iridometriformis (figs. 803-805, p. 378; see also figs. 763, 764, p. 
353).—Large, conspicuous, and well-formed plates are present, five to each two 
pinnulars. These are considerably higher than the lateral diameter of the pin- 
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nulars, extend outward and slightly distally, and are somewhat more than twice as 
long as broad and strongly constricted centrally, so that they appear as two similar 
circles joined by a broad neck. Their reticulation is very fine, and the borders are 
regular, though unfinished. 

The integument over the genital glands contains irregular plates and spicules 
of various sizes, which are not in contact with each other. 

The tentacles contain numerous spicules in the proximal portion. 

Comatula rotalaria.—Along the ambulacral grooves, with their rounded ends 
filling the inner ends of the ambulacral lappets and their pointed ends toward the 
pinnulars, is a series of thin, but well and definitely formed, pumpkin-seed shaped 
plates, about four to each pinnular; between these and the pinnulars the lateral 
perisome of the pinnules is occupied by a very loose irregular network of long and 
slender spicules, which may toward the distal end of the pinnules broaden into 
irregular films several meshes wide; at the distal end of the pinnules the pumpkin- 
seed shaped plates reach downward to the pinnulars. 

Comatula solaris.—The ambulacral lappets are occupied by thin and filmy, but 
large and very definite, pumpkin-seed shaped plates, of which there are about’ four 
to a pinnular; between each of these and the pimnulars is a very narrow and 
irregular side plate standing at right angles to the pinnulars, on the outer end of 
which the point of the covering plate rests, which is sometimes resolved into a more 
or less loose mass of spicules. 

Comatula pectinata.—In the middle of the free portion of each of the am- 
bulacral lappets is a small plate with unfinished borders, composed of from 6 to 12 
hexagonal meshes. The lateral perisome of the pinnules between the ambulacral 
lappets and the pinnulars contains only minute spicules. 

In the tentacles spicules are very rare or entirely absent. 

Comactinia meridionalis—The ambulacral lappets in a specimen from Yucatan 
are occupied by extremely thin and filmy plates, which may be of considerable size, 
though always irregular, completely filling them, or may be narrowed to a long, 
narrow, caleareous band from one to three meshes wide standing at right angles to 
the pinnulars. 

In a specimen from South Carolina the ambulacral lappets contain a small 
group of spicules, which at the most form one or two meshes; between each of these 
and the border of the pinnulars is another, usually smaller, group of spicules; in 
some cases the two together may form merely a straight or irregular line or band of 
scattered spicules reaching from the lappet to the pinnulars. 

There appear to be no deposits in the tentacles. 

Comatulides australis.—There are no deposits in the yentral perisome of the 
pinnules, and none in the tentacles. 

Comaster noveguinew.—The lateral perisome of the pinnules contains nu- 
merous large straight or branched spicules, which may form a continuous closely-set 
row along the margins of the pinnulars, with which they make a right angle, may 
form a loose spiculiferous band which is continued into the lappets, or may be col- 
lected in little groups, two or three groups to a pinnular. 
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The tentacles contain a conspicuous and continuous layer of spicules along 
their outer side, which reaches nearly to the tips. 

Comaster minimus.—There appear to be no calcareous depsits in the ventral 
perisome of the pinnules. 

There appear to be few or no spicules in the tentacles. 

Comaster multibrachiata—The ambulacral lappets may contain very small 
plates, with unfinished edges, composed of from 6 to 12 meshes, which may be 
rounded or more or less irregularly elongated toward the pinnulars; but usually 
perisomic deposits appear to be absent. 

The perisome of the nontentacular pinnules contains numerous small rounded 
plates, and quantities of minute rods and spicules. 

The tentacles contain a very conspicuous layer of spicules, which are at first 
branched, later becoming simple and distally minute, which continues along the 
outer side nearly to the tips. 

Comaster fruticosus.—The lateral perisome of the pinnules contains irregular 
rods at right angles to the pinnulars, three to each, or is quite without deposits. 

The tentacles contain a continuous layer of small spicules which at first are 
branched, later becoming simple and distally very minute, which extends along 
their outer side nearly to the tips; on account of the almost or quite complete absence 
of other deposits these tentacular deposits are very conspicuous. 

Comaster distincta.—There appear to be no deposits in the lateral and ventral 
perisome of the pinnules. 

The genital glands are completely covered by large thin filmy plates. 

The tentacles contain a continuous layer of spicules, at first branched, later 
becoming simple, and then minute, which reaches nearly to their tips. 

Comaster parvus.—The lateral perisome of the pinnules contains small and 
widely scattered spicules. 

The tentacles contain a continuous layer of spicules, which runs along their 
outer sides nearly to their tips. 

Comaster taviana.—Beyond a few widely scattered and inconspicuous spicules 
along the borders of the pinnulars the perisome of the pinnules appears to be with- 
out deposits. 

A continuous band of very small spicules runs along the outer side of the 
tentacles almost to their tips. 

Comaster delicata——On some pinnules the lateral perisome contains evenly 
spaced spicules, usually standing at right angles to the pinnulars, but for the most 
part the perisome is without calcareous deposits. 

On their outer side the tentacles contain a continuous layer of very small 
spicules, which reaches nearly to their tips. 

Comantheria briareus.—There appear to be no deposits in the ventral perisome 
of the pinnules. 

A few of the tentacles, in the terminal pinnules and in the distal part of the 
others, contain spicules near their bases. 

Comantheria polycnemis.—There appear to be no deposits in the ventral 
perisome of the pinnules, 
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Fics, 351-363.—PINNULE TIPS OF SPECIMEN OF COMATELLA NIGRA, RUNNING FROM TIP OF ARM TOWARD BASB. 
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The tentacles appear to be without calcareous deposits. 

Comanthina schlegelii—tThe lateral perisome of the pinnules is thickly beset 
with very minute spicules, which are continued into the ambulacral lappets, where 
they become larger and tend to form loose aggregations. — 

The distal side of the tentacles contains a thin continuous line of minute 
spicules. 

Comanthus pinguis—The perisome of the pinnules contains a few scattered, 
mostly very small, spicules. 

I have not been able to detect spicules in the tentacles, which, however, are very 
thick and opaque. 

Comanthus solaster—The lateral perisome of the pinnules is beset with scat- 
tered spicules. 

No deposits were detected in the tentacles. 

Comanthus japonica.—The lateral perisome of the pinnules is beset with 
numerous scattered spicules varying, in different pinnules, from minute to fairly 
large. 

There appear to be no calcareous deposits in the tentacles. 

Comanthus trichoptera.—The perisome of the pinnules contains minute scat- 
tered spicules. 

No spicules were found in the tentacles. 

Comanthus benhami—The lateral perisome of the pinnules is beset with 
very small spicules. 

The tentacles contain a band of small spicules along their outer side. 

Comanthus wahlbergii—The perisome of the pinnules contains numerous 
minute spicules. 

There are a few spicules in the tentacles. 

Comanthus samoana.—The lateral perisome of the pinnules contains scattered 
needle-like spicules, mostly at right angles to the pinnulars, which may, especially 
in the distal part of the pinnules, extend into the marginal lappets. 

The tentacles contain a band of spicules along the distal side. 

Comanthus annulata—The perisome of the pinnules appears to be almost 
or quite devoid of calcareous deposits. 

There appear to be no spicules in the tentacles. 

Comanthus parvicirra.—Small scattered spicules occur in the perisome of the 
pinnules. 

There are a few small spicules in the tentacles. 


Family ZYGOMETRIDA, 


Zygometra microdiscus.—There appear to be no deposits in the perisome of 
the pinnules. 

In a specimen from Western Australia each ambulacral lappet contains a 
thick and conspicuous narrow plate which runs downward and slightly proximally, 
often tapering somewhat, to the border of the pinnulars. Though narrow, these 
plates, of which there are four to a pinnular, are quite close together, so that they 
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Fies. 364—371.—BASALWARD CONTINUATION OF PRECEDING SERIES, WITH PINNULE TIP IN DORSAL VIBW 
(Fig. 371). 
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are separated by a space much less than their own width. This condition appears 
to be very unusual in this species. 

There are no spicules in the tentacles. 

Zygometra elegans.—Examination of two specimens showed no deposits in the 
perisome of the pinnules. 

No spicules were found in the tentacles. 

Zygometra comata (fig. 779, p. 366).—The lateral perisome of the pinnules 
between the sacculi and the borders of the lappets contains long needle-like spicules, 
most of which lie at right angles to the pinnulars. 

There are a very few fine spicules in the tentacles. 

Eudiocrinus indivisus.—Just beyond the sacculi are numerous long and curved, 
sometimes branched, spicules running into the lappets, which lie at right angles 
to the pinnulars. 

The genital organs are completely protected by large, thin, filmy, and delicate 
plates. 

The outer side of the tentacles contains a rather broad band of interlaced 
spicules which runs nearly to their tips. 

The perisomic and tentacular spicules in this species are unusually conspicuous. 

Eudioerinus junceus (fig. 788, p. 366)—Each ambulacral lappet contains 
usually two similar smooth spicules, an outer and an inner, the adjoining ends 
of which overlap more or less. Each is bent at an obtuse angle in the middle. 
The outer may be branched or forked at the outer end or may be replaced by 
two or three small straight spicules irregularly arranged. 

Each tentacle contains at the base a double (distal and proximal) continuous 
row of small spicules, which soon coalesce, forming a single row, which, becoming 
gradually narrower, is continued almost to the tip. When the tentacle is con- 
tracted this row of spicules may be more or less zigzag. These tentacular spicules 
are much the most conspicuous of all the deposits. 

Eudiocrinus pinnatus (fig. 787, p. 366).—The conditions in this species are 
essentially the same as in Z. junceus. 

Eudiocrinus venustulus.—This species does not differ essentially from the two 
preceding. 

Catoptometra magnifica—There appear to be no calcareous deposits in the 
perisome of the pinnules. 

No spicules were detected in the tentacles. 

Catoptometra rubroflava—There are no calcareous deposits in the perisome 
of the pinnules. 

There appear to be no spicules in the tentacles. 

Catoptometra hartlaubi.—The lateral perisome of the pinnules contains numer- 
ous subequal long spicules, usually straight or slightly curved, sometimes branched, 
rarely including one or two meshes, which run from the ambulacral lappets 
nearly to the pinnulars. Over the genital glands these spicules become shorter 
and are practically confined to the ambulacral lappets. 

There are a few slender spicules in the tentacles which may form a continuous 
row for some distance along the outer side. 
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Catoptometra ophiura.—Each ambulacral lappet contains a single long spicule, 
which from its inner end curves very gradually toward the distal end of the 
pinnule. These spicules, which extend from the outer border of the lappets nearly 
to the pinnulars, running near the proximal borders of the sacculi, are usually 
roughened at each end. 

No deposits were found in the perisome over the genital organs. 


Family HIMEROMETRIDA. 


Himerometra martensi.—At the end of the outer pinnules there are occasionally 
to be found slender, straight spicules extending from the lappets inward to 
between the sacculi. Except for these there are no perisomic deposits. 

There are no spicules in the tentacles. 

Himerometra magnipinna.—There appear to be no calcareous deposits in 
the perisome of the pinnules. 

No deposits could be found in the tentacles. 

Himerometra bartschi—The lateral perisome of the pinnules contains a row 
of closely placed rough spicules which stand at right angles to the pinnulars, two 
or three to each lappet. 

In their proximal portion the tentacles have a very fine continuous band of 
spicules both on their proximal and on their distal sides. 

Himerometra robustipinna.—tThere are no calcareous deposits in the perisome 
of the pinnules. 

There are no deposits in the tentacles. 

Craspedometra acuticirra.—Each of the ambulacral lappets contains a very 
small rudimentary plate of usually two or three meshes, rarely more, from which 
a continuous line of spicules runs downward toward the sacculi. 

Each of the tentacles contains in its basal half two very fine continuous lines 
of spicules, a proximal and a distal. 

Heterometra crenulata—Each ambulacral lappet contains a relatively large, 
but extremely delicate, multiradiate spicule with from four to six (usually five) 
more or less curved branches radiating from a more or less complete hexagonal 
cell. The lateral perisome contains large and prominent spicules, usually two 
beneath each lappet, which, in general at right angles to the pinnulars, diverge 
proximally, so that a K-shaped or lambda-shaped figure is formed. 

No deposits were found in the tentacles. 

Heterometra savignii—Near its tip each lappet usually contains a straight, 
less commonly forked or branched, more or less roughened spicule lying parallel 
to the edge of the pinnular. 

Fach tentacle in its basal third or half contains a proximal and a distal fine 
continuous line of spicules. 

Heterometra philiberti—Each of the ambulacral lappets contains a small 
spicule, which is sometimes straight, but usually with four or five radiating branches 
and sometimes a central cell. The perisome between the row of sacculi and the 
pinnulars is without deposits. 
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The tentacles contain two, a proximal and a distal, very narrow and delicate 
lines of spicules, which run to the end of the basal half or two-thirds. In a lateral 
view of the pinnule these appear as a closely set row of very narrow triangles with 
open distal apices. 

Heterometra quinduplicava.—Each ambulacral lappet usually contains one or 
two extremely slender spicules, which usually extend, at right angles to the pin- 
nulars, to near the sacculi; but there may be a branched spicule, or a net of one or 
two meshes. 

The tentacles contain a continuous line of extremely slender spicules. 

Heterometra bengalensis (fig. 796, p. 372). —Each ambulacral lappet contains a 
small spicule, which is Z-shaped, forked, multiradiate, or containing one or two 
meshes; if elongated, the elongation is parallel to the edge of the pinnulars; be- 
tween each of these and the pinnulars there is usually a slender, straight spicule, 
at right angles to the pinnulars. 

In their proximal half the tentacles contain two slender, continuous lines of 
spicules, one along the distal, the other along the proximal border. 

Heterometra compta,—Near their tips the ambulacral lappets contain very 
minute calcareous reticulations of one, two, or three meshes. The perisome between 
the sacculi and the pinnules is unplated. 

The tentacles contain two narrow lines of spicules. one distal and one proximal, 
which extend to about the end of their proximal half. 

Heterometra pulchra—The tips of the ambulacral lappets contain minute 
forked, branched, or multiradiate spicules. Beneath these are long, more or less 
irregular spicules, usually one over each sacculus. These lie at right angles to the 
pinnulars, and are sometimes forked or paired, or gathered into small groups. 

There appear to be no spicules in the tentacles. 

Heterometra reynaudiiNear their tips the ambulacral lappets contain small 
spicules, which may be straight and parallel to the pinnulars, forked, or multi- 
radiate. ‘There are no deposits between the sacculi and the pinnulars. 

Each tentacle contains a distal and a proximal fine continuous line of spicules, 
which runs for about half of its length. 

Heterometra quinduplicava.—Near their tips the ambulacral lappets usually 
contain forked or branched spicules, which lie parallel with the pinnulars; some- 
times these spicules are multiradiate, and sometimes they form one or two meshes; 
occasionally the lappets contain several long spicules lying at various angles. 
There may be other elongate spicules between these and the row of sacculi. 

The tentacles contain two conspicuous fine lines of spicules, a distal and a 
proximal, which run for about half their length. 

Homalometra denticulata—Each ambulacral lappet contains a very slender 
branched, triradiate or quadriradiate spicule lying parallel to the edge of the pin- 
nulars; below this is a long straight spicule reaching nearly to the border of the 
pinnulars; in addition to the latter the lateral perisome of the pinnules contains a 
series of long spicules, the majority of which lie at right angles to the edge of the 
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pinnulars or lean slightly distally, forming a wide meshed irregular and interrupted 
reticulation. 

There are no spicules in the tentacles. 

Amphimetra spectabilis—There are no calcareous deposits in the perisome of 
the pinnules. 

There appear to be no deposits in the tentacles. 

Amphimetra discoidea (fig. 791, p. 872) —Each ambulacral lappet contains a 
long but very narrow, very delicate plate, with unfinished borders, which lies at 
right angles to the pinnulars. These are sometimes reduced to extremely narrow 
plates, or even to straight roughened rods, just within the distal border of the 
lappets. In the distal portion of the pinnules these may become broader and 
more rounded. 

The perisome between the line of sacculi and the pinnulars contains a series of 
irregular filmy longitudinally elongate plates of various sizes, sometimes quite 
large and sometimes of only one or two meshes, which form an interrupted line just 
beneath the line of sacculi; sometimes these form a broad continuous double band, 
and occasionally they are much reduced in size and widely scattered over the 
perisome. ; 

The presence of spicules in the tentacles could not be determined. 

Amphimetra parilis—KEach of the ambulacral lappets contains usually three 
long very slender spicules, the two outer, running along the sides, slightly curved, 
the distal much more than the proximal, and curying toward each other outwardly, 
the other more irregular, and sometimes forked; in a lateral view of the pinnule 
these appear as a rather closely set row of long spicules distally curved in opposite 
directions, reaching downward nearly to the sacculi, Sometimes these spicules 
may branch inwardly and these branches, overlap, forming a narrow and long plate 
within the lappet; in this case minute rounded plates alternating with them are 
found between their bases over the spaces between the sacculi. 

The perisome over the genital glands is without calcareous deposits. 

The tentacles have a rather broad continuous layer of small spicules along the 
distal side. 

Amphimetra papuensis—Each of the ambulacral lappets contains a single 
straight roughened rod, which leans slightly distally. 

The perisome between the sacculi and the pinnulars contains at intervals deli- 
cate filmy plates of from 6 to 15 meshes, which are usually more or less elongated 
in the direction parallel to the edges of the pinnulars. 

There appear to be no deposits in the tentacles. 


Family STEPHANOMETRIDZE. 


Stephanometra monacantha.—The perisome of the pinnules is without deposits. 

There are no deposits in the tentacles. _ 

Stephanometra echinus.—The perisome of the pinnules contains only extremely 
minute scattered spicules. 

The tentacles contain inconspicuous proximal and distal lines of spicules. 
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Family MARIAMETRID. 


Pontiometra andersoni (fig. 798, p. 372).—In the lateral perisome of the pinnules 
is a continuous row of conspicuous plates, trapezoidal in shape, with the angles 
rounded, their distal sides being nearly half again as long as their proximal; a 
thickened ridge traverses the plates diagonally from the produced distal outer to 
the proximal inner angle; the distal border of each plate overlaps the proximal 
border of the following. On some pinnules these plates are reduced to a row of 
diagonally placed narrow triangles, which may be so narrowed as to almost re- 
semble rods. Though forming a very conspicuous band, these plates are only of 
moderate size, their height in lateral view being about one-third the diameter of 
the pinnulars. 

Beyond the apex of each of these is a very minute plate of from 6 to 12 meshes, 
which is elongated in a direction at right angles to the pinnulars. 

The perisome between the sacculi and the brachials is without deposits. 

No deposits were found in the tentacles. 

Oxymetra finschii—In one specimen, a cotype, no deposits were found in the 
perisome of the pinnules. 

In another the lateral perisome of the pinnules contains a row of moderately 
long straight spicules, one near each sacculus, extending outward and slightly 
distalward from between the sacculi. 

In the first the tentacles were quite without deposits; in the second there were 
occasionally a few spicules along the distal side in the proximal portion. 

Oxymetra aranea.—Near the tip of the lappets is a minute forked or branched 
or multiradiate spicule, which may inclose a single cell; between these and the row 
of sacculi there may be single very slender straight spicules extending outward and 
slightly distally in reference to the pinnulars. On many pinnules the perisome of 
the pinnules appears to be quite without deposits. 

The perisome between the row of sacculi and the pinnulars is almost completely 
covered by large irregular filmy plates. 

In about their proximal third the tentacles contain two very fine continuous 
lines of spicules, a proximal and a distal. ! 

Dichrometra ciliata—Each ambulacral lappet contains two long straight or 
slightly converging spicules, which extend downward nearly to the row of sacculi. 

Each tentacle contains, running along the distal side for about two-third of the 
distance to the tip, a broad band of small matted spicules. 

Dichrometra flagellata.—There are no deposits in the perisome of the pinnules. 

There are no deposits in the tentacles. 

Dichrometra déderleini—Each of the ambulacral lappets contains a long 
eurved spicule, with the convexity distally, which runs near the distal border down 
to near the row of sacculi. Rarely there may be one or two additional spicules 
irregularly placed. 

Occasionally the tentacles contain a few very small spicules. 

Mariametra subcarinata.—The perisome of the pinnules contains a few widely 
seattered irregular minute spicules. 
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There appear to be no spicules in the tentacles. 

Mariametra delicatissima.—Each ambulacral lappet contains, running along its 
distal border, a single very slender and slightly curved spicule, roughened at each 
end, which extends downward almost to the line of sacculi, terminating just over the 
spaces between them. Frequently these are much reduced, and sometimes they are 
only evident as short rods. 

There are no deposits in the tentacles. 

Lamprometra palmata.—Vhere are no spicules in the perisome of the pinnules. 

On the distal side the tentacles may contain near the base one or two minute 
spicules, or they may be quite without deposits. 

Lamprometra protectus—There are no deposits in the perisome of the pinnules. 

At the base the tentacles contain a conspicuous thin continuous row of spicules 
both proximally and distally. 

Lamprometra gyges—Each of the ambulacral lappets contains a slender rod, 
usually slightly curved, rarely branched, which extends downward to near the 
sacculi, terminating above the spaces between them; between the bases of these rods 
there are commonly two other short rods, slightly curved away from each other, one 
of which, proximal to the main rod, slightly overlaps its base, while the other is ° 
directed distally and, making only a slight angle with the border of the pinnular, 
passes beneath the main rod. 


Family COLOBOMETRIDA. 


Cenometra delicata.—There appear to be no calcareous deposits in the perisome 
of the pinnules. 

There are no deposits in the tentacles. 

Cenometra herdmani.—There are no deposits in the perisome of the pinnules. 

There is a thin line of minute spicules along the distal side of the proximal 
third of the tentacles. 

Cenometra unicornis—The perisome of the pinnules is naked, or contains 
widely scattered and very minute spicules. 

The tentacles occasionally contain a few spicules on the distal side near the base. 

Cyllometra disciformis—Occasionally there are found in the lappets spicules 
or straight rods which are almost perpendicular to the edges of the pinnulars, but 
lean slightly distally ; usually there are no deposits in the perisome of the pinnules. 

Along the proximal third or half of their distal side the tentacles contain a few 
small irregular spicules, which usually do not form a continuous row. 

Cyllometra albopurpurea (figs. 776-778, p. 366). —Each ambulacral lappet con- 
tains an extremely fine, straight rod, reaching nearly to the line of sacculi, extending 
outward and slightly distally in reference to the pinnulars. On some pinnules these 
may be reduced to a minute spicule, or they may be altogether absent. 

Occasionally minute spicules may be found on the distal side of the base of 
the tentacles. 

Decametra taprobanes.—Each ambulacral lappet contains a single very slender 
straight rod, which may be forked at the tip, directed outward and slightly distal- 
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ward in reference to the pinnulars, and reaching downward to, or even between, 
the sacculi. 

In its proximal third or half each tentacle contains a rather broad band of 
matted small spicules along the distal side. 

Decametra mylitta—Near their distal border the ambulacral lappets contain 
one or two long spicules, which may be straight or, in the distal portion of the 
pinnule, may follow the outer distal curve. 

The tentacles contain a broad band of thickly matted spicules, which reaches to 
the end of the proximal half. 

Decametra parva.—Each ambulacral lappet contains an extremely delicate and 
fine rod, very difficult to detect, directed outward and slightly distalward in refer- 
ence to the pinnulars. 

The perisome between the line of sacculi and the pinnulars is without deposits. 

The tentacles occasionally contain very minute spicules near their bases. 

Decametra tigrina—Each ambulacral lappet usually contains a single fine, 
nearly straight, spicule, directed outward and slightly distalward in reference 
to the pinnulars, which may be very short. Sometimes there is a long, slightly 
curved spicule along both the proximal and distal borders. 

At the base of the tentacles on the outer side there are a few minute spicules. 

Colobometra vepretum.—EKach ambulacral lappet contains a small straight or 
slightly crooked rod directed outward and slightly distally in reference to the 
pinnulars. 

Along the outer side the tentacles contain a median band of spicules, which 
reaches to about the end of the proximal half. 

Colobometra discolor—Each ambulacral lappet contains a narrow straight 
rod, extending outward and slightly distally in reference to the pinnulars, which 
reaches downward nearly to the line of sacculi. 

Along the outer side each tentacle contains a continuous, rather broad, band 
of spicules which reaches nearly to its tip. 

Prometra chadwicki—XKach ambulacral lappet contains an extremely delicate 
straight or slightly curved rod, which reached downward nearly to the sacculi. 

The perisome between the line of sacculi and the pinnulars is unplated. 

The tentacles contain few or no spicules. 

Cotylometra gracilicirra—Each of the ambulacral lappets contains a fine 
straight rod reaching to the sacculi, which, in reference to the pinnulars, is directed 
outward and slightly distalward. 

The perisome between the sacculi and the pinnulars is unplated. 

A continuous and very conspicuous band of small spicules runs along the 
outer side of the tentacles almost to their tips. 

Oligometrides adeone (fig. 793, p. 372) —Each ambulacral lappet contains a 
very slender needle-like spicule, lying at right angles to the border of the pinnulars. 

The genital glands are completely covered by filmy plates, which are very 
large along the line of sacculi, becoming small along the borders of the pinnulars. 
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The proximal portion of the tentacles contains a dense mass of spicules, which 
appears as a thick roughened rod extending outward to a height equal to about 
as much again as the height of the sacculi. 

Oligometra carpenteri—Each ambulacral lappet contains a very slender, 
straight, needle-like spicule extending outward and slightly distalward in reference 
to the pinnulars. There are no other deposits. 

There are no deposits in the tentacles. 

Oligometra serripinna (fig. 780, p. 366).—Each lappet usually contains a long, 
but extremely fine, spicule situated along the distal border and curved in con- 
formity with it, or straight; more rarely there are several scattered long spicules. 

At their bases the tentacles contain a few very delicate spicules along the 
outer side. 

In another specimen no deposits were found in the perisome of the pinnules. 

Each tentacle contained at the base two short and very narrow lines of minute 
spicules, a distal and a proximal. 


Family TROPIOMETRID. 


Tropiometra macrodiscus (fig. 797, p. 372).—Each ambulacral lappet contains 
a minute rudimentary plate, usually of two or three meshes, but sometimes, toward 
the end of the pinnules, becoming of appreciable size and consisting of from 15 
to 20 or more meshes. When this is the case the plate is more or less oval and 
elongated in a direction perpendicular to the edge of the pinnulars, and beneath 
it, lying between the sacculi, is another similar but smaller plate. When the cover- 
ing plate is very rudimentary the lateral perisome of the pinnules may contain 
very minute scattered spicules, or may be entirely naked. 

The perisome over the genital glands contains very abundant minute, rounded 
plates and spicules which are especially numerous in parallel rows at right angles 
to the border of the pinnulars, about one to each sacculus. 

Spicules are very few, or altogether absent, in the tentacles. 

Tropiometra afra.—Each ambulacral lappet contains a small rudimentary plate 
of usually from two to five meshes. 

Along the sides of the pinnulars is a series of plates, usually roughly triangu- 
lar in shape, elongated perpendicularly to the pinnulars, not quite in contact 
basally, the distal ends of which pass between, or partially around, the sacculi. 
There is one of these beneath each covering plate. 

There appear to be no deposits in the tentacles. 

Tropiometra carinata.—The major portion of the ambulacral lappets is usually 
occupied by relatively large, very thin, irregular plates with rather coarse meshes 
and irregular borders, the inner proximal corners of which are produced down- 
ward and usually come into contact with the plates beneath. These may be reduced 
to a single cell with radiating rods, or even to a very slender and delicate rod, 
usually straight, sometimes irregular or forked, at right angles to the pinnulars, 
opposite the spaces between the sacculi. 
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Along the sides of the pinnules, near the pinnulars, there is usually a con- 
tinuous band of the squarish plates, about three to each pinnular, the distal outer 
corners of which are broadly cut away by the sacculi. Sometimes these are 
reduced to triangular plates with their outer apices between the sacculi, or to very 
small, rounded plates between the sacculi. When the covering plates are well 
developed they may resemble them, but they are somewhat larger, with a very 
irregular outline, and usually slightly higher than broad. 

The perisome over the genital glands is covered with a continuous layer of 
large and delicate, more or less irregular plates. 

There are no spicules in the tentacles. 

Tropiometra picta—Toward the distal ends of the outer pinnules there is in 
the outer portion of each ambulacral lappet a short median rod, which may be 
forked, or a minute irregular plate of one or two meshes. A second small speci- 
men showed similar deposits. 

There are no plates or spicules in the lateral perisome of the’ pinnules. 

There appear to be no spicules in the tentacles. 

Tropiometra indica.—Each ambulacral lappet contains a usually straight or 
very slightly curved, rarely forked, rod with roughened ends, which lies at right 
angles to the pinnulars. 

Other than these, the perisome of the pinnules contains no deposits. 

Spicules are extremely rare or altogether absent in the tentacles. 


Family CALOMETRID.. 


Neometra alecto (figs. 835-837, p. 405). —Along the sides of the pinnules and 
immediately adjoining the pinnulars is a continuous row of side plates, from five 
to seven to each pinnular. 

These are of very peculiar and characteristic shape. The base of each slightly 
overlaps the base of the one distal to it. On the distal side, just beyond the base, 
there is a deep semicircular excavation reaching inward for about one-third the 
length of the plate as measured along the base. On the proximal side there is a 
similar but shallower excavation. Between these excavations the plate is reduced 
to about half the basal length. When the plates are in their normal position the 
excavations of adjacent plates together form circular holes through which the 
distal third or half of the sacculi protrude. The distal lateral excavation is 
bordered outwardly by a narrow arm rounded distally, which, making a slight 
angle with the pinnular, reaches a point almost but not quite directly over the 
distal end of the base where it adjoins the succeeding plate. Beyond this narrow 
arm limiting the distal excavation outwardly the plate leans proximally at an 
angle of about 45°, so that the outer portion beyond the lateral excavations may 
be said to consist of a narrow distal arm over the deep distal excavation, making 
an angle of usually less than 45° with the base, and a very much broader proximal 
portion, making an angle with the base of about 45°. This latter terminates in 
a straight line perpendicular to the pinnular directly over the proximal end of 
the base where it adjoins the narrow distal extension of the plate just proximal 
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to it, which overlaps it slightly. The outer surface of the side plates is not 
all in the same plane. The basal portion adjoining the pinnular, which is nar- 
rowly oval with broadly rounded ends and in maximum width about equal to the 
distal proximal extension, is turned inward toward the pinnular; but, while all 
of the basal portion lies in the same longitudinal plane, the two outer extensions 
are directed slightly inward, each making a small angle with the longitudinal 
plane of the basal portion so as to considerably increase the size of the apertures 
through which the sacculi protrude. In some cases, where the basal portion is 
unusually large, the lower portion is bent inward abruptly and lies on the inner 
side of the pinnular. On the outer border of the plate in the deep, rounded notch 
between the narrow distal and broad proximal extensions lies a small but con- 
spicuous oval plate which almost completely fills the concavity. On the inner 
surface of each side plate are two prominent and usually high ridges. One of 
these, the smaller, runs along the under side of the narrow distal process to its base 
and then, decreasing in height, curves downward and runs perpendicularly to the 
proximal edge of the plate; frequently this ridge is not developed beyond the base 
of the distal process. The other, much higher, runs perpendicularly outward from 
the base, gradually decreasing in height, just touching the deepest portion of the 
proximal excavation and traversing the outer proximal extension. 

The covering plates, which are very large and conspicuous, very fine in 
texture with finished edges, are almost circular, slightly flattened at the base 
where they adjoin the side plates. They lie on the outer side of the broad proximal 
extension of the side plates and are attached by means of a ligamentous articu- 
lation to the end of the long and straight ridge just described. 

The perisome over the genital glands is completely inclosed by large filmy 
plates. 

In addition to the plates described, the ventral perisome on the sides of the 
ambulacral groove contains occasional rather large multiradiate spicules, which 
for the most part look like spiny balls. 

There are no spicules in the tentacles. 

Neometra acanthaster—The perisomic plates resemble those of NV. alecto. 

Neometra conaminis (fig. 838, p. 405)—The perisomic plates do not differ 
essentially from those of 1. alecto. 

Neometra gorgonia (figs. 889-842, p. 405).—The conditions are the same as in 
N. alecto. 

Calometra callista.—There is no tangible difference between the perisome plates 
of this species and those of Neometra alecto. 

Calometra discoidea.—The perisomic plates resemble those of Neometra alecto. 

Gephyrometra propingua.—The conditions in this species resemble those in 
Neometra alecto, but the small plate in the notch between the distal process and 
the broad proximal process is much reduced, being very minute, or in the form 
of an elongate spicule parallel with the pinnulars. 

Pectinometra carduum.—The conditions in this form are essentially as in Veo- 
metra alecto; the narrow distal process is more slender and curves outward toward 
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the ambulacral groove. The outer part of the side plates is strongly incurved 
toward the median line of the pinnule; the small plate between the distal and 
proximal processes lies in a semicircular area bounded proximally by a blunt angle 
on the outer side of the broad proximal process. 

Pectinometra flavopurpurea—The perisomic plates resemble those of P. car- 
duum. 


Family THALASSOMETRIDA. 


Ptilometra macronema (figs. 857, 858, p. 412).—In lateral view the outline of 
the side plates is almost square, the distal and proximal edges, which are parallel, 
leaning slightly distally; about a third of the distal edge is cut away in a semi- 
circular excision which is just above the middle, so that the outer distal corner, 
which is slightly produced and overlaps the outer proximal angle of the succeed- 
ing plate, is narrower and more pointed than the broadly rounded lower distal 
corner; the corresponding notch on the proximal border of the plate is much less 
deep. The sacculi are relatively small, and sometimes absent, in which case the 
distal and proximal borders of the plates are straight, and the former overlap 
slightly the proximal borders of the succeeding plates. 

From this simple type of side plate there is derived a more specialized type 
which in all essentials resembles the side plates of the Calometride. On the distal 
half of the outer border a curved incision makes its appearance, so that the outer 
distal portion of the plate becomes restricted to a narrow process directed outward 
at a small angle to the pinnulars, and slightly curved outward. The proximal 
half of this outer edge, proximal to the curved incision, is straight and supports 
the covering plate. 

On the inner side the surface of the distal process is thickened into a promi- 
nent keel. Tangent to the incision on the proximal border a strong rib runs across 
the whole side of the plate perpendicular to the base, which is produced down- 
ward in the form of a long, straight spine lying within the groove of the pinnular. 

There is no small plate or spicule in the excision on the outer edge of the 
side plates such as is found in the Calometride. 

The structure of the plates is much coarser than in the Calometride. 

The covering plates, which are attached to the outer end of the long straight 
rib on the inner side of the side plates, are relatively slightly smaller than those of 
the Calometridz, and almost circular in outline, though frequently slightly elon- 
gated in the direction of the chief axis. 

Ptilometra miilleri—The side and covering plates in this species do not differ 
essentially from those in Pt. macronema. 

Asterometra anthus.—In direct lateral view the side plates are seen to haye the 
outer and inner sides, which are parallel, slightly longer than the proximal and 
distal sides, which are also parallel; the distal edge of each overlaps slightly the 
proximal edge of the succeeding; the outer border is very slightly depressed in the 
middle; from the proximal inner angle, which may be slightly produced proximally, 
a broad process, in width equal to about one-third the length of the inner border, 
extends inward and slightly distally over the inner surface of the pinnular for a 
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distance somewhat greater than its own length; this process may originate from the 
border of the side plate, but usually arises from just within the border, which pro- 
jects over it like a shelf. In a transverse section of a pinnule the side plates are 
seen to be strongly and evenly curved, the convexity being outward. In a ventral 
view of the pinnule the outer edges of the side plates, toward the ambulacral groove, 
are seen to be cut away by a semicircular incision, and the distal and proximal 
angles are broadly rounded off so that the semicircular incision is bordered by two 
converging plates resembling the horns of a crescent, of which the proximal extends 
farther inward toward the middle of the pinnule than the distal; in the border of 
the semicircular incision proximal to the middle is an obtusely angular process, 
which disturbs the symmetry of its contour. The sacculi, which are easily seen in 
cleared specimens through the side plates, reach the surface through the semi- 
circular incision of the outer borders—ventrally, therefore, instead of laterally, as 
in Ptilometra. On the inside of the side plates are two prominent ridges, which are 
parallel and perpendicular to the proximal border; one of these runs midway be- 
tween the center and the proximal, the other midway between the center and the 
distal edge. The former is the higher, bearing the covering plate on its outer end, 
its inner end terminating against the process which extends over the inner side of 
the pinnular. 

The covering plates are very broadly oval or somewhat kidney-shaped, broader 
than long. 

Asterometra macropeda (figs. 812-815, p. 385).—The side and covering plates 
in this species do not differ essentially from those of A. anthus; but the process from 
the base of the side plates which runs over the inner surface of the pinnule is 
broader and trapezoidal with its free inner edge, which is parallel with the base of 
the side plate, longest. 

Asterometra cristata——The conditions in this species do not differ essentially 
from those in A. anthus. 

Pterometra magnipeda.—The side and covering plates in this species resemble 
those in Asterometra anthus. 

Pterometra splendida.—The side and covering plates of this species resemble 
those of Asterometra anthus, but the structure is much coarser. 

Pterometra pulcherrima.—The perisomic plates are essentially like those of 
Asterometra anthus. 

Pterometra trichopoda.—The side and covering plates resemble those of A stero- 
metra anthus. 

The perisome over the genital glands is completely covered by large filmy 
plates. 

Cosmiometra crassicirra (figs. 843-848, p. 405).—In the plane parallel with the 
dorsoventral plane of the pinnule the side plates are very strongly convex, so that 
when the pinnule is viewed ventrally they appear as a row of half cylinders with 
the convexity outward. In lateral view the main body of the plate is about as high 
as broad; the base upon which this portion rests is very narrow, and in contact with 
the bases of the adjacent plates; the sides are throughout their whole length regu- 
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larly concave, forming broad lenticular gaps between adjacent plates. The distal 
outer angles are produced into long narrow horns, which curve toward the am- 
bulacral groove and slightly outward, and which, though very narrow in lateral 
view, extend inward for some distance across the pinnule. The proximal outer 
angles are produced into a broad process rounded at the end, which makes an angle 
of about 45° with the pinnular and is bent inward under the distal horn-like process 
of the preceding plate. In the middle of the distal border, at the base of the 
proximal broad process, is an angular projection, forming approximately a right 
angle. The side plates are extremely delicate, though everywhere with definite 
edges. They bear no ridges on the inner side, and have no basal extension over 
the inner surface of the pinnulars. 

The moderately large, almost circular, covering plates are articulated to the 
distal side of the proximal process. 

Toward the base of the pinnules the side plates become lower and lower, finally 
becoming reduced to very narrow horizontal plates and later disappearing alto- 
gether; at the same time the covering plates become reduced, though much more 
gradually, finally occurring only as irregular calcareous films in the marginal 
lappets. 

There are no calcareous deposits in the tentacles. 

An intermediate stage in the reduction of the side plates shows them reduced 
to somewhat irregular broad crescents with blunted ends, curving proximally, with 
the circular covering plates just beyond the outer edge of the outer horn, alternating 
with straight rods of the same height leaning slightly distally, which represent the 
distal horn-like process and the distal edge. 

The sacculi are situated between the side plates. 

Cosmiometra delicata.—The side and covering plates essentially resemble those 
of C. crassicirra, but the texture of the side plates appears to be much finer. The 
proximal outer angle of the side plates is not so much produced as in (@. crassicirra, 
and is not more conspicuous than the median outer angle; the chord of the reentrant 
arc between these two is almost parallel to the base, and in this concavity the cover- 
ing plate rests. Asin C. crassicirra, the notch between the narrow distal process and 
the median angle gradually deepens until the distal portion separates off in the 
form, in lateral view, of a rod. leaving the proximal portion in the form of a broad 
crescent with the covering plate on the inner (concave) side of its proximal end. 

Stylometra spinifera—tThe side and covering plates are of the same general 
type as those of Cosmiometra. The side plates are just in contact basally, higher 
than broad, with slightly concave sides, which leave between them long lenticular 
gaps for the reception of the sacculi, which outwardly narrow gradually but basally 
are abruptly rounded off against the appressed bases of two adjacent plates. The 
outer edge shows a proximal outer angle and an obtuse median angle with an 
obtusely angular incision between them. The distal angle is produced into a thin, 
horn-like process, which, however, is broad transversely, curving distally and 
upward, the angular notch between this and the median angle being much deeper 
than that between the median and the proximal angles; whereas the base of the 
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plate as viewed from the inside of the pinnular forms approximately a quarter 
of a circle, the outer edge as viewed ventrally is almost a right angle, the apex 
of this angle coinciding with the apex of the notch between the proximal extension, 
which, viewed laterally, appears to be very narrow, but viewed ventrally is seen 
to be quite deep, and the median angle. 

The covering plates, which are circular with the outer half of their circum- 
ference bordered with long spines, are attached to the outer side of the proximal 
angle. 

: Toward the base of the pinnules the side plates degenerate, the distal portion 
gradually separating off and appearing as a straight rod directed outward and 
slightly distally, and the remaining portion gradually becoming an irregular 
calcareous film which grows smaller and smaller until it disappears. 

Relatively large covering plates with unfinished edges are found in the lappets 
after the side plates have become very minute. 

Stenometra quinquecostata.—In their simplest form the side plates are squarish 
in lateral view; the proximal edge is usually straight, sometimes with the median 
third slightly concave; the lateral edges are slightly incurved, the distal overlap- 
ping the proximal of the succeeding plate; the outer proximal corner is broadly 
rounded; the outer distal corner is rather sharply rounded; in the middle of the 
distal edge is a broadly rounded angle the distal point of which is on the same 
level as the outer points of the rounded proximal and distal angles from which 
it is separated by shallow rounded incisions, that on the distal side being deeper 
than that on the proximal. Toward the distal end of the pinnule this form becomes 
slightly modified by a deepening of the notch between the median angle on the 
outer border and the distal process, which becomes longer and narrower, and 
a deepening of the concavity of the distal lateral border. 

The same modification takes place toward the base of the pinnule, where it is 
carried farther, so that both the proximal and the distal sides become strongly 
concave and the distal process becomes very long and thin. At the base of the 
pinnules the side plates become lower and lower and finally disappear; the cover- 
ing plates, though they become smaller, persist to the junction with the arm. In 
direct ventral view the outer edges of the side plates are seen to be curved in such 
a way that they form about a quarter of a circle; in dorsal view the lower edges 
are parenthesis shaped with the convexity outward. The distal edge of the side 
plates is thickened beneath the insertion of the covering plates, and in the distal 
process. 

The almost circular covering plates are attached to the outer border of the 
side plates just within the proximal outer angle. 

The perisome between the side plates and the pinnulars is completely incased 
by large and filmy plates. 

There are no deposits in the tentacles. 

Stenometra cristata (figs. 820-822, p. 392).—The side and covering plates in 
this species resemble those of S. guinquecostata. 

Stenometra diadema—tThe side and covering plates are essentially like those 
of S. quinquecostata. 
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Fries. 410—421.—PINNULP TIPS OF VARIOUS COMATULIDS. 410. COMATULA MICRASTPR, LATMRAL VIEW. 411. 
SAMB, DORSAL VIEW. 412. COMACTINIA ECHINOPTERA, LATERAL VIEW. 413. SAME, DORSAL vinw. 414. 
COMASTER MULTIBRACHIATA, LATERAL IHW. 415. SAMP, DORSAL VIPW. 416. COMASTER MULTI- 
BRACHIATA, LATERAL VIEW. 417. SAME, DORSAL VIBW. 418. COMASTER DISTINCTA, LATERAL VIEW. 
419, SAME, DORSAL VIEW. 420. COMASTER BELLI, LATERAL VIEW. 421. SAME, DORSAL VIEW. 
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Daidalometra hana.—There appears to be no essential difference between the 
side and covering plates of this species and those of Stenometra quinquecostata. 

Parametra orion —The side plates are of two types; the larger, with the cover- 
ing plates, resemble those of Oceanometra gigantea; just at the distal border of 
these large side plates, and covered by the wasal portion of their distal edges, are 
much narrower side plates of the same length, which in lateral view appear as 
long rods making an angle of something over 60° with the border of the pinnulars. 
While they appear rod like in lateral view, the distal third of these plates is 
abruptly produced inward, at right angles to the longitudinal axis of the pinnule, 
for a distance equal to somewhat more than the length, the distal border of this 
process being convex and often a semicircle. In direct ventral view, this expanded 
portion is seen to be slightly convex distally. The basal edge of the side plates 
is parenthesis shaped in end view. 

Parametra granulata (figs. 874-878, p. 435).—The side and covering plates 
resemble those of P.-orion. 

Oceanometra gigantea (figs. 859-866, p. 419).—In this species there are two 
rows of side and covering plates, one, composed of much the larger and more per- 
fect plates, superficial, the other, composed of smaller and less perfect plates 
alternating with these, situated in the deeper perisomic layers. 

In lateral view the larger side plates, those of the superficial series, are 
trapezoidal; the distal border, which is straight and perpendicular to the pinnulars, 
is somewhat longer than the base; the proximal border is half again as long; the 
outer border is convex, with the median third produced and its outer edge concave, 
so that it usually takes the form of two obtuse angles. The inner half of the 
plates is plane, but in their outer halves they twist in such a way that the outer 
border makes an angle of approximately 45° with the base, the proximal outer 
angle, which is more or less strongly rounded, being inward; on the proximal side 
at about the level of the obtuse angle between the distal and outer sides is a 
rounded notch. 

The covering plates, which are broadly oval, slightly longer than broad, are 
attached just within the proximal outer angle. 

Alternating with the side plates just described and deeply sunken within the 
perisome are large definite groups of spicules of all shapes and sizes, more or less 
agglutinated and sometimes becoming very irregular plates, which are separated 
by intervals of somewhat more than their own longitudinal diameter, or the diame- 
ter parallel with the border of the pinnulars, which is usually greater than the 
diameter at right angles to the border of the pinnulars. 

Beyond these, and entirely separated from them, are much more definite 
sausage-shaped covering plates, leaning distally at an angle of about 60° with the 
edge of the pinnulars, their outer ends reaching to, or slightly beyond, the bases of 
the larger covering plates. 

The perisome over the genital glands is completely inclosed by longitudinally 
elongate plates, which decrease rapidly in size from the pinnulars to the side plates. 


The tentacles may contain extremely minute deposits, especially toward 
their tips. 
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Figs. 422-435.—PINNULB TIPS OF VARIOUS COMATULIDS. 422, COMASTER PARVUS, LATBRAL VIEW. 428. 
SAMD, DORSAL VInW. 424, COMANTHINA SCHLNGELII, LATPRAL VIEW. 425. SAMB, DORSAL VIEW. 426. 
COMANTHUS BENNETTI, LATHRAL VIEW (FROM SPECIMEN PRESERVED IN FORMALIN). 427. SaMe. 428. 
COMANTHUS SAMOANA, LATERAL VIEW. 429. SAME, DORSAL VIBW. 430. COMANTHUS PARVICIRRA, DORSAL 
yinw. 431. SAMB, LATPRAL VIEW. 432. COMANTHUS PARVICIRRA, LATERAL VIEW. 433, SAME, DORSAL 
vipw. 434. COMANTHUS PARVICIRRA, LATERAL VIEW. 435. SAME, DORSAL VIEW. 
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Oceanometra annandalei.—The side and covering plates in this species resemble 
those of O. gigantea. 

The perisome over the genital glands is incased in well-formed and definite 
plates of very different sizes and shapes, some of which, near the borders of the 
pinnulars, are longitudinally elongated. 

Thalassometra villosa (figs. 823, p. 392, and 879, 880, p. 435).—In direct lateral 
view the outline of the side plates is trapezoidal, the inner side, adjoining the pin- 
nulars, being the longest; the proximal side is perpendicular to the inner side, 
nearly or quite straight, with a prominent notch just below the middle; the outer 
side is of about the same length as the proximal, and has the form of a broadly 
obtuse reentrant angle; the distal border leans proximally at an angle of slightly 
more than 45°, and usually joins the inner side in a broad curve; whereas the inner 
edge of the side plates is parallel with the edge of the pinnulars, the outer edge 
makes with it an angle of about 45°, the proximal end being much nearer the middle 
of the pinnule than the distal. On the slanting outer border of the side plates, 
slightly more than half way between the inner and outer ends, is a narrow covering 
plate, which projects from it at right angles in lateral view, and in ventral view is 
seen to be approximately at right angles to the outer edge; it is articulated to a 
slightly thickened portion of the border of the side plate. 

The covering plates are shaped like a pumpkin seed, with the pointed end 
inward toward the center of the pinnule. Their lower edge shows a very obtuse 
angle, by which they are articulated to the middle of the obtusely angular excision 
of the outer edge of the side plates. 

The perisome over the genital glands is completely covered by thin plates of 
very diverse form and size. 

Thalassometra agassizii (figs. 1171, 1172, pl. 27). 

Aglaometra eupedata.—The side and covering plates resemble in all essentials 
those of Daidalometra hana; the thin proximal process is turned inward at an 
angle of about 45°, reaching as far as the midline of the covering plate; the 
proximal portion of the side plate, which bears the covering plate, is turned inward 
at about the same angle. In both cases the torsion is in the outer two-thirds of the 
plate, so that in this part the central portion of the plate is very convex exteriorly. 

Aglaometra incerta (fig. 1166, pl. 27). 


Family CHARITOMETRIDA. 


Crossometra helius (fig. 867, p. 419).—In direct lateral view the major portion 
of the side plates is seen to be practically square, with the proximal outer angle 
broadly rounded off and the distal outer angle, at the base of the process to be 
described, raised into a slight obtuse angle; the distal outer corner is produced dis- 
tally and outwardly in the form of a narrow curved horn; the outer half of the 
proximal border is produced laterally and slightly outwardly for a distance about 
equal to two-thirds of the transverse diameter of the plate. Large and prominent 
saceuli occupy the broad gaps between the apposed outer processes of adjacent 
plates. Viewed from beneath the inner ends of the side plates are seen to carry at 
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either end a stout process of the same thickness as the edge of the plate itself, which 
extends inward, at right angles to the edge of the plate, for a distance equal to 
about two-thirds the length of the latter. The figure presented by the inner end 
of the plate as seen in end view is thus three sides of an oblong; the area included 
between the edge of the plate and the inward extensions may be three sides of a 
square, but is usually more or less rounded, sometimes about three-quarters of a 
circle. In direct ventral view the side plates appear semicircular, with the proximal 
inner end of the semicircle produced in a broad process which touches the distal 
inner end of the semicircle formed by the preceding plate. 

The covering plates, which are almost circular, or slightly longer than broad, 
and flattened at the base, are attached to the proximal outer process halfway be- 
tween its tip and the slight angle marking its junction with the main body of 
the plate. 

There are no deposits in the tentacles. 

Perissometra selene (figs. 817, 818, p. 385, and 819, p. 392).—The side and cover 
ing plates resemble essentially those of Crossometra helius. The distal process 
on the side plates is much thicker at the base, and the angle on the outer border 
at the base of the broad proximal process is much more developed. Within the 
semicircular notch, as the plates are viewed from an angle of 45° to the dorso- 
ventral plane of the pinnule, between the posterior process and the median angle 
there is a very small irregular plate, often of only two or three meshes. Toward 
the base of the pinnule, alternating with the bases of the side plates and lying 
deeper in the perisome, are irregular plates of considerable size with ragged edges 
representing a second, deep, row of side plates. On the proximal side of the first 
two pinnulars normal side plates, much reduced in size, alternate with side plates 
without covering plates in the form of equilateral triangles which reach to the 
level of the bases of the covering plates on the normal side plates. The normal 
side plates and the covering plates which they bear rapidly increase in size and 
after the third or fourth the secondary side plates pass deeper into the perisome 
and become rudimentary, persisting to the fifth pinnular. 

The covering plates are nearly circular and less flattened than those of Crosso- 
metra heltus. 

Perissometra patula.—The side and covering plates do not differ essentially 
from those of Crossometra helius, but they are coarser in texture, and the side 
plates have ragged borders. 

Perissometra lata—In lateral view the side plates, which are of the same 
structure as in related species, appear more nearly rhombic, as they are very close 
together and the large proximal outer processes of each are covered by the distal 
processes of the following; the notch in the distal border is very small and often 
very shallow. The concavity between the distal outer process and the median angle 
of the outer edge contains a very small more or less irregular plate. 

On their lower side the covering plates bear a low keel in their proximal third 
which runs somewhat diagonally. 

Pachylometra distincta (figs. 831-834, p. 405, and 856, p. 412). —While the struc- 
ture of the side plates is the same as in Crossometra helius they are very low and 
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broad, the width at the base being almost or quite twice the median height to the 
apex of the angle on the outer edge just above the middle of the base; the proximal 
process is large and broad; it extends outward for a distance equal to from one- 
half to two-thirds of the length of the base; the inner half of its proximal border 
is concave, the outer half convex; the edge from the proximal outer corner to the 
median angle of the outer edge is slightly concave, and to the middle of this edge 
the covering plate is attached; between the median angle and the distal corner the 
outer edge of the plate is deeply concave, having the form of a semicircle; in 
lateral view the distal outer angle is produced in the form of a hook; its extremity 
is expanded, this expansion showing in lateral view as a right angle midway 
between the base and the point. 

The covering plates are very broadly rounded, as broad or as slightly broader 
than long, with the proximal edge in the form of a broadly obtuse angle, and the 
inner angle, between the base and the broadly curved side toward the middle of 
the pinnule, sharper and less rounded than the outer. 

Pachylometra inequalis (fig. 1168, pl. 27). 

Chondrometra robusta—The side and covering plates are essentially as in 
Perissometra lata; the notch between the distal outer process of the side plates 
and the median notch on the distal border is occupied by a small plate. 

Calyptometra lateralis (figs. 868-871, p. 425).—The side and covering plates do 
not differ essentially from those of Perissometra patula. In their proximal third 
the covering plates bear a median keel, placed somewhat diagonally, which is 
high and triangular, the base of the triangle touching and perpendicular to the 
proximal edge. 

On the underside of the ventral perisome of the pinnules is a continuous 
series of large irregular plates forming a continuous broad band. 

Glyptometra tuberosa (fig. 816, p. 385).—The side and covering plates are 
essentially the same as those of Pachylometra distincta, the side plates being very 
low and broad, twice as broad as high. The side and covering plates are extraordi- 
narily thin and delicate, composed of a thin calcareous film. The side plates are 
so low that the proximal process curves around to the proximal end of the base; 
this process is much finer in texture than the rest of the plate. 

On the underside of the covering plates in their proximal third is a keel, 
placed somewhat diagonally; from near the end of this keel on the outer side 
the outer border of the plate curves about in a circle as far as a point on 
the inner side directly over the outer corner of the proximal process, whence 
it is continued in a straight line downward to that angle; the portion of 
the base which lies on the inner side of the keel, or point of attachment, is 
perfectly straight, meeting the proximal part of the inner border at right 
angles over the outer corner of the proximal process; the distal and outer 
portions of the periphery are fringed with fine but prominent spines. Some- 
times this form of covering plate is not developed, the outer side joining the 
proximal end of the keel on a level with the inner side. instead of the distal end; 
but in this case the inner basal angle is much less rounded than the outer. On the 
other hand, the parallel sided portion of the plate, between the median keel and 
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436. EUDIOCRINUS ORNATUS, LATBRAL VIBW. , 437. 


438. EUDIOCRINUS ORNATUS, LATERAL VIEW. 439. SAME, DORSAL VIEW. 440. 
DORSAL VIEW. 442. HIMEROMETRA MARTENSI, 


LATPRAL VIEW. 443. SAME, DORSAL VIEW. 444, HIMEROMBTRA PHRSICA. 445. HETHROMETRA CRBNU- 


SAMB, DORSAL VIEW. 
HETPROMETRA SAVIGNII, LATERAL Vipw. 441. SAME, 


446. SAMB, DORSAL VIEW. 447. HHTPROMETRA PHILIBERTI, LATDRAL VIBW. 448. 
449. CRASPEDOMETRA ACUTICIRRA, LATERAL VIEW. 450. SAME, DORSAL VIEW. 
452. SAME, DORSAL VIEW. 453, HBTHROMETRA COMPTA, 
LATERAL VIEW. 456. 
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LATA, LATERAL VIEW. 
SAME, DORSAL VIEW. 
451. HETEROMETRA RBYNAUDII, LATERAL VIPW. 
LATERAL VIEW. 454, SAME, DORSAL VIEW. 455. HETHROMETRA SINGULARIS, 


SAMB, DORSAL VINW. 
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the inner edge, may be considerably elongated, in some cases occupying about one- 
third of the entire length of the plate. In the covering plates an area in the shape 
of a right-angled triangle extending from the edge adjacent to the proximal 
extension of the side plate to a point as far as the length of this side on the inner 
edge and thence to the proximal end of the median keel is of much finer texture than 
the rest of the plate. 

Crinometra insculpta—Both side and covering plates are relatively small, 
coarse in texture, with unfinished edges. The side plates are about as high as 
broad at the base; the inner half of the proximal side is excavated in the form of 
almost a semicircle; the outer half is straight and perpendicular to the base; the 
distal side is concave, the maximum depth of the concavity, which is not very 
deep, being just below the center; the median portion of the outer edge is pro- 
duced into an obtuse angle; the border between this angle and the proximal outer 
angle is straight or very slightly concave; between this median angle and the 
outer distal angle is a more or less deep concavity, so that the outer distal 
angle, which is more or less produced, takes more or less the form of a horn 
curved distally and outwardly. The inner side of the side plates shows two 
ridges perpendicular to the base, one near the proximal, the other near the 
distal border; near the base these suddenly diverge; the distal runs into the distal 
horn-like process. The base of the side plates is parallel with the edge of the 
pinnulars; the distal third of the distal edge, embracing the distal process, is 
approximately at right angles with the proximal two thirds, the two being connected 
by a broad curve; a line bisecting this angle would be perpendicular to the longi- 
tudinal axis of the pinnule. 

The broadly oval covering plates, which are broadest between the base and the 
middle, are attached halfway between the middle of the side plates and their 
proximal outer angles. On their underside they have a narrow ridge in their 
proximal third or half which is in contact with the proximal ridge on the side 
plates. 

Monachometra fragilis (figs. 824-830, p. 399).—The side plates are in close 
lateral apposition with straight inner, proximal, and distal edges, higher than 
broad at the base, the proximal border slightly longer than the distal; the median 
portion of the outer edge is produced into a slightly obtuse angle, which reaches 
the same height as the proximal outer corner; the border between the median angle 
and the proximal outer corner is slightly concave; the border between the median 
angle and the distal outer corner is deeply concave, so that the latter is in the form 
of an acute angle; just below the distal outer process and slightly farther from 
the excavated outer edge than from the distal edge is a circular hole of rather small 
size, allowing for the passage of the sacculus to the exterior; the inner portion of 
the side plates is plane and parallel with the edge of the pinnulars; the outer border 
is a broadly rounded right-angled triangle, with the proximal limb, from the 
proximal outer angle to the notch between the distal outer process and the median 
angle, much longer than the distal; both are inclined to the line of the edge of the 
pinnulars at an angle of about 45°. The interior surface of the side plates bears 
two prominent parallel narrow ridges of unusual height; one of these runs fairly 
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near the proximal border; this is perfectly straight and perpendicular to the side 
of the pinnular, running to the attachment of the covering plate; the other is 
midway between this and the distal border; it runs parallel to the first as far as 
the hole allowing for the protrusion of the sacculus, about the outer edge of which 
it turns, running to the distal side of the plate; in a direct ventral view of the plate 
these two ridges appear as two thin precesses of considerable height. 

The sides of the covering plates, which are semicircular in their outer half, 
gradually converge in almost straight lines to the relatively narrow base. 

Pecilometra scalaris (figs. 849-855, p. 412; and fig. 1169, pl. 27).—The side 
plates are broader than high; the outer half of the proximal border is produced in 
the form of a proximal process with parallel sides, which is directed slightly out- 
ward; the outer edge of this process is parallel with the edge of the inner half of the 
proximal side; the edge connecting the two in lateral view is at an angle of about 
135° with each; on the outer edge directly over the middle of the base is a prominent 
angle, usually of about 90°; the outer distal corner of the plate is produced in the 
form of an acute angle of about 45°, which lies at the same height as the outer 
proximal angle. Between the proximal outer angle and the median angle the outer 
border forms a reentrant obtuse angle, the apex of which, just proximal to which 
the covering plate is attached, is from one-fourth to one-third of the distance from 
the median angle to the proximal outer corner. The outer edge between the median 
angle and the distal angular process is excavated in the form of a semicircle. In 
this excavation is a plate which is unusually well developed, shaped like a thick 
crescent, with the concave side directed toward the base of the side plate, so that a 
large oval or circular hole is left between it and the border of the side plate. Be- 
tween the deepest portion of the excavation between the median angle and the 
distal outer corner and the middle of the distal border of the side plate, and equi- 
distant from both, is a rather small circular opening, through which the outer 
portion of a sacculus protrudes. The distal border of the side plates is very 
slightly and evenly convex; in direct ventral view the edge of the proximal third 
of the plates is straight and parallel to the base; the remaining portion is excavated 
in the form of a semicircle; the side plates are slightly convex outwardly in the 
horizontal as well as in the transverse plane. As a result of this the opening for the 
sacculus is directed diagonally outward and somewhat distally; the inner edge 
of the side plates, adjoining the pinnulars, is straight and bears directed inwardly 
two rather long processes, one just within the distal end, the other midway between 
this and the proximal end, which are the two high internal ridges seen in end view; 
on the inner side of the side plates are two relatively high ridges; one of these, 
arising near the proximal end of the base, runs directly upward perpendicular to 
the latter to the attachment of the covering plate; the other, halfway between this 
and the distal border, runs perpendicular to the base as far as the hole for the 
passage of the sacculus, about the distal side of which it turns, and runs outward 
to the distal border of the plate. The sacculi occupy the entire region between the 
ridges on adjacent plates, lying over the sutures between them. 

The covering plates are usually slightly longer than broad, broadly oval, 
broadest at about the middle, with the angle between the flattened base and the 


19 





142140—21—Bull. 82 


264 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


outer side very broadly rounded, and that between the base and the inner side a 
right angle, and even sometimes less than a right angle; occasionally the covering 
plates may be truncated distally, or they may take the form of elongated hexagons. 

The tentacles have a rather broad band of interlaced spicules along the 
distal side. 

Chlorometra garrettiana.—The side plates, which are of the usual structure, 
are as broad at the base as the height to the apex of the median obtuse angle on 
the distal edge; the notch between the median angle on the outer edge and the 
distal process is deep and almost semicircular; the notch on the distal side below 
this distal process is deep, and usually semicircular; the inner proximal angle is 
slightly produced, so that, viewed laterally, there is a deep concavity between this 
angle and the base of the broad proximal projection; in ventral view the outer edge 
of the side plates is a thick semicircle, the proximal end of which extends farther 
inward than the distal; the inner ends, adjoining the pinnulars, are also thick 
semicircles; the inner side of the side plates shows two high, broad ridges, one 
passing along the narrow distal process and usually disappearing at the notch on 
the distal side, the other running directly downward perpendicular to the base 
from the attachment of the covering plate as far as the notch on the proximal side, 
then curving about and running to the proximal inner angle. 

The covering plates are broadly rounded, about as long as broad. They are 
not quite symmetrical, the inner side in its proximal third becoming straight and 
running downward parallel to the median keel to the rounded right angle between 
the base and the inner border; the opposite side is a segment of a circle. In some 
cases the outer half of the covering plate is a semicircle, from which the sides con- 
verge in almost straight lines to a short straight base, the outer side being fiatter 
than the inner. 

Strotometra hepburniana (figs. 808-811, p. 385). —The side plates are small and 
delicate, rather coarse in texture, with somewhat ragged edges. The general struc- 
ture is as in related species; in lateral view the side plates are roughly oblong, half 
again as broad as high, the distal border slightly concave, the proximal with a 
notch in the proximal portion just below the middle, or with the whole proximal 
half concave; the outer distal angle is slightly produced; the outer proximal angle 
is slightly produced and broadly rounded; a low obtuse angle occupies the middle 
of the outer border. 

The covering plates are reniform, very broadly rounded, slightly broader than 
long, the inner point where the inner edge passes over into the base almost a right 
angle, the outer border curving in a wide semicircle from the distal border to the 
point of attachment. 

Charitometra basicurva (fig. 1167, pl. 27). 


Family ANTEDONIDA. 


Antedon petasus (figs. 784-786, p. 366).—Normally each ambulacral lappet 
contains a short, usually straight, rod which is not longer than the length of the 
sacculus; these alternate with the sacculi, and their inner ends are just within a 
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hne drawn tangent to the outer borders of the latter; occasionally these rods are 
forked at their outer ends; frequently they are absent. 

There are no other deposits. 

Antedon bifida (fig. 1173, pl. 27, and pl. 50, fig. 1835).—There are no calcareous 
deposits in the perisome of the pinnules, nor in the tentacles. 

W. B. Carpenter has noticed that in the very young the perisome of the 
arms and pinnules contains irregular branching spicules which form a sort of 
incomplete reticulation for the support of the ambulacral lappets; these subse- 
quently undergo complete resorption so that no trace of them is discoverable in 
the adults. 

Antedon adriatica—There are no calcareous deposits in the perisome of the 
pinnules, nor in the tentacles. 

Compsometra lovéni.—Each ambulacral lappet contains an extremely slender 
hair-like short rod, usually slightly bent in the middle, which is tangent to the 
proximal border of the sacculus. 

There are occasional spicules along the outer side of the tentacles. 

Compsometra incommoda.—Each of the ambulacral lappets contains a minute 
short straight rod. 

The tentacles contain a broad and conspicuous band of extremely fine spicules 
along their outer side. 

Towometra paupera (fig. 767, p. 362).—Each ambulacral lappet contains a 
conspicuous and unusually stout rod, roughened at both ends and bent in the middle 
at an angle of about 120°, which runs downward to the pinnulars tangent to the 
distal side of the sacculus. 

There are no deposits in the tentacles. 

Dorometra parvicirra (fig. 789, p. 366). 

Eumetra chamberlaini—Each ambulacral lappet contains two slender cal- 
careous rods; the longer, slightly and evenly curved distally, just crosses the distal 
edge of the sacculus; the shorter is similar but only about half as long and corre- 
spondingly more slender and is tangent to the proximal edge of the sacculus. 

There are no deposits in the tentacles. 

Iridometra adrestine—Each ambulacral lappet contains an excessively slender 
very slightly curved rod, which in its lower portion is tangent to the proximal side 
of the sacculus. 

There are no deposits in the tentacles. 

Iridometra melpomene.—Each lappet contains a slender curved rod, as in 
T. adrestine. 

There are no deposits in the tentacles. 

Andrometra psyche-—Each ambulacral lappet contains an excessively slender 
slightly curved smooth calcareous rod which terminates just above, or just over 
the outer border of, a sacculus. 

There are no deposits in the tentacles. 

Thysanometra tenelloides—From the border of the pinnulars into each of 
the ambulacral lappets there runs a very narrow but very conspicuous calcareous 
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band two or three meshes wide, rarely wider, which toward the inner edge of the 
lappet gradually broadens and forks so that its end is Y-shaped, the proximal arm 
of the Y being as broad as the original band and making only a slight angle 
with it, while the distal arm is smaller and narrower, making a considerably 
greater angle with it; occasionally there is merely a spatulate expansion of the 
outer end instead of the Y. 

There are no deposits in the tentacles. 

Coccometra guttata—Each ambulacral lappet contains a long, uniform, smooth, 
slender rod, pointed at each end and slightly bent in the middle, which runs from 
the tip of the lappet to the edge of the pinnulars, each rod tangent to a sacculus 
on its proximal side. 

Vhere are no spicules in the tentacles. 

Coccometra nigrolineata.—Each ambulacral lappet contains a long, slender, 
uniform rod, slightly roughened at the distal end and slightly bent in the middle, 
which runs, tangent to the proximal side of a sacculus, to the edge of the pinnular. 

Coccometra hagenii—Each of the ambulacral lappets contains an extremely 
slender straight rod which runs downward tangent to the proximal border of the 
sacculus. This rod may be so reduced as not to extend beyond the distal edge of 
the sacculus, or it may even be entirely absent. 

There are occasional minute rods in the tentacles, but most of these are with- 
out deposits. 

Perometra diomedew (fig. 772, p. 362)—Each ambulacral lappet contains a 
slender, usually straight, rod of medium length which runs downward to the 
vicinity of the sacculi. 

There are no deposits in the tentacles. 

Erythrometra australis (fig. 778, p. 862)—Each ambulacral lappet contains 
a short, rather stout, rod which is slightly swollen and roughened at each end, 
especially the outer. 

There are no deposits in the tentacles. 

Erythrometra ruber.—Each ambulacral lappet contains in its outer portion a 
short straight rod directed outward and distally. 

There are no deposits in the tentacles. 

Hypalometra defecta (fig. 768, p. 362).—Each ambulacral lappet contains a 
single long, very slender, conspicuous rod directed outward and distally at an angle 
of about 60°. 

Each tentacle contains a thin line of spicules placed end to end and slightly 
overlapping which runs nearly to the tip. 

There are no deposits in the tentacles. 

Nanometra bowersi—Each ambulacral lappet contains a stout and prominent 
rod, slightly bent in the middle and slightly roughened at each end. 

There are no deposits in the tentacles. 

Nanometra clymene—Each ambulacral lappet may contain a short, smooth, 
bent rod, but these appear to be rare, only occasionally being met with toward 
the tips of the pinnules. 
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Heliometra maxima—Each ambulacral lappet contains a rather short, stout 
rod, usually roughened at each end but commonly with the ends expanded and 
pierced with from one to several holes. 

There are no deposits in the tentacles. 

Heliometra glacialis—In a specimen from Greenland each ambulacral lappet 
contains in its outer portion a rod, usually straight but often with the inner end, 
more rarely the outer also, broadened and pierced with one or two holes; some- 
times the deposit takes the form of a very irregular and rudimentary plate with a 
few holes of different sizes and shapes. 

Between and just outside of the sacculi are other deposits, rods, or extremely 
irregular rudimentary plates, which are widely separated from each other; these 
usually occur just below the ends of the rods in the outer ends of the lappets, one 
or two beneath each rod. 

There are no deposits in the tentacles. 

In a specimen from the Western Bank the deposits are similar to those in the 
preceding but somewhat more developed. The outer portion of the ambulacral 
lappets usually contains an irregular elongated plate instead of a rod. 

There are irregular spicules occasionally to be found in the tentacles. 

In certain specimens from the Barents Sea, P. H. Carpenter found extensive 
calcareous deposits in the perisome of the pinnules. 

Mortensen found a similar condition in others from eastern Greenland, in 
which the plates along the pinnulars resemble those of Promachocrinus kerquelensis 
or Anthometra adriani, though they are not so well developed. He says that “the 
covering plates are large, cribrous, of very irregular outline; the lower part is 
much the larger and may consist of two separate plates lying very closely together ; 
they unite with the neighboring plates and thus form a complete covering on the 
side of the ambulacral groove, interrupted only by the narrow spaces in which the 
sacculi are lodged, sacculi and covering plates alternating regularly. The upper 
part of the covering plate may be more or less separate, forming a very irregular 
plate, whose adoral side is bent somewhat inward; this part is much smaller than 
the lower part, the plates being thus widely separated from each other. The con- 
nection between the two parts may be represented by a single rod, which forms, 
however, mostly a more or less extensive network on its aboral, but not on its adoral, 
side. On the genital pinnule there are formed a number of thin, irregular plates 
covering the widened portion between the joints and the ambulacral plates. When 
dried these pinnulz thus show a very distinct irregular plating.” He adds that the 
perisomic plates are not found on the last six or seven pinnulars. 

Promachocrinus kerguelensis (fig. 807, p. 378).—Along the sides of the pin- 
nulars is a continuous series of conspicuous plates, the distal border of each over- 
lapping the base of the succeeding. The main portion of these plates is about as 
high as broad, the distal and proximal edges being for the most part straight and 
perpendicular to the base, but leaning somewhat distally in the terminal portion 
of the pinnules. The outer angles are broadly rounded, and the middle half of 
the outer border is produced into a roughly squarish process with an irregular 
outer edge, which usually shows a narrow notch near the distal border. In the 
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terminal portion of the pinnule this process becomes slightly longer and moves 
proximally, so that its proximal border is continuous with the proximal border of 
the main portion of the plate; the notch in the outer border also becomes more 
constant and more prominent. In the axis parallel with the longitudinal axis of 
of the pinnule the plates are slightly convex exteriorly; in the axis at right angles 
to this they are rather strongly curved. 

In other specimens this adambulacral armament is seen in various stages of 
degeneration, and apparently may be entirely absent. 

The tentacles contain a conspicuous continuous band of fine interlaced spicules, 
which runs along the outer side nearly to the tip. 

Anthometra adriani.—The lateral perisome of the pinnules is completely in- 
closed in a continuous series of plates, the distal edges of which overlap the proximal 
borders of those succeeding; these plates are about as high as broad at the base, 
becoming higher distally, coarse in texture, with unfinished edges; the proximal 
border is more or less straight; the distal is usually in the outer half or two-thirds 
strongly convex; the middle half of the outer edge is abruptly produced in the 
form of a long process, which at first is not much longer than broad at the base, 
with the two outer corners broadly rounded, the proximal and distal sides nearly 
parallel and convex and lying in a plane parallel with the longitudinal axis of the 
pinnule, but which soon elongates, so that it is about as long as the major basal 
portion of the plate, moves somewhat nearer the proximal border, and becomes 
twisted, so that its proximal border is considerably nearer the midline of the pin- 
nule than the distal; when the lappets are closed down these plates completely cover 
the ambulacral groove interlocking exactly like the fingers on the two hands. 

There are no spicules in the tentacles. 

Florometra mariw.—tIn the outer portion of each ambulacral lappet is a short 
rod, usually straight, slightly roughened at the ends, sometimes slightly bent. This 
rod is often reduced to a mere spicule. 

There are no deposits in the tentacles. 

Florometra laodice (fig. 770, p. 362) —Each ambulacral lappet contains a long, 
conspicuous stout rod roughened at each end, especially the outer, or with the 
ends slightly expanded and pierced with numerous small holes, and slightly bent 
just before the middle; sometimes these rods are much reduced. 

There are no deposits in the tentacles. 

Florometra asperrima (figs. 769, 771, p. 362).—In a specimen from Bering Sea 
each ambulacral lappet contains a long and very stout rod, straight or slightly 
curved or bent, of which the inner end is slightly irregular and the outer third is 
thickly beset with short spines, or, more rarely, expanded and perforated with a 
few holes. 

There are no deposits in the tentacles. 

In a specimen from Monterey Bay, California, each ambulacral lappet contains 
a long and prominent rod, roughened at each end, especially at the outer, very 
rarely forked, and evenly and rather strongly curved. 

There are no spicules in the tentacles. 
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Florometra serratissima (figs. 774, p. 362).—Each ambulacral lappet contains 
a slender rod, which is straight or slightly curved, roughened, rarely forked at the 
ends, and of moderate length, reaching usually nearly or quite to the underlying 
sacculus. 

There are no deposits in the tentacles. 

Florometra magellanica—Each ambulacral lappet contains a delicate straight 
rod, short or of moderate length, slightly roughened at the ends. 

There are no spicules in the tentacles. 

Cyclometra clio—Each ambulacral lappet contains a slender, rather long rod, 
which is slightly bent in the middle. 

There are no spicules in the tentacles. 

Sarametra triserialis (fig. 801, p. 378).—Each ambulacral lappet contains a 
large and conspicuous fan-shaped plate, with five or six very long, slender spines 
along the convex outer border. The lower pointed end of this fan is continued 
downward in the form of a long, straight rod to the edge of the pinnulars. 

There are no deposits in the tentacles. 

Zenometra columnaris (fig. 800, p. 378).—Each ambulacral lappet contains a 
very large plate, which is elongate, more than twice as long as broad, slightly con- 
stricted in the middle, with rounded ends; the outer border is very wide meshed and 
bears a number of long spines; the inner end usually bears from two to four long 
spines, which run to the border of the pinnular, but these may be reduced to one 
stout spine. In the middle of this plate, lying nearer the distal than the proximal 
border, is a large oval hole elongated in the same direction as the plate itself, which 
may communicate with the exterior near its outer end. 

There are no deposits in the tentacles. 

Psathyrometra borealis—Each ambulacral lappet contains a long and very 
narrow band-like plate abruptly bent in the middle, at the base tangent to the 
distal side of the sacculus, terminating outwardly in from three to five long spines, 
which are parallel to each other. 

There are no deposits in the tentacles. 

Psathyrometra fragilis —The deposits in the perisome of the pinnules resemble 
those found in Ps. borealis. 

There are no deposits in the tentacles. 

Psathyrometra antarctica (fig. 765, p. 362).—Each ambulacral lappet contains 
a large, stout, and conspicuous smooth rod slightly bulbous and roughened at the 
outer end which runs downward at an angle of about 60° to the border of the 
pinnular, then abruptly turns proximally and runs along the edge of the pinnular 
to the bent portion of the succeeding rod. 

There are no deposits in the tentacles. 

Psathyrometra gracillima—Kach ambulacral lappet contains a long and 
slender, almost straight rod which is roughened at each end, more especially the 
outer. 

There are no deposits in the tentacles. 

Eumorphometra concinna (fig. 806, p. 378).—Each ambulacral lappet contains 
a long, thick, and conspicuous rod, making an angle of nearly 60° with the border 
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of the pinnulars, which is roughened or studded with small projections on its 
somewhat enlarged outer end, and near the border of the pinnular suddenly ex- 
pands into a coarse meshed reticulation adjoining a similar reticulation from the 
adjacent rods. 

There are no spicules in the tentacles. 

Leptometra celtica (figs. 795, 799, p. 372).—The lateral perisome of the pin- 
nules is occupied by a continuous series of large plates, each of which distally over- 
laps the base of the succeeding. The greatest diameter of these plates is in the mid- 
dle; the sides of the portion below the middle are strongly concave, curving about 
the sacculi, the curve being sharpest about the outer border of the sacculi and 
gradually straightening out toward the base of the plate; in the middle of the 
outer border of the plate are two prominent narrow projections side by side 
separated by a narrowly rounded or V-shaped notch. From the base of these pro- 
jections the outer border forms a rounded obtuse angle which hes about halfway 
between the bases of the processes and the middle of the distal and proximal sides, 
where it abruptly passes over into the lateral concavities. Usually on the distal 
side the side of the distal outer process is carried further basally than on the 
other, so that the angle on the distal outer border is much more nearly a right 
angle than that on the proximal outer border; occasionally between the base of 
the distal outer process and the angle on the outer distal border there is a rounded 
notch, so that the latter takes the form of a prominent narrow angle directed out- 
wardly; occasionally also the proximal side may run proximally from the tip of 
the proximal outer process proximally and downward at an angle of 45° with 
the edge of the pinnular to a point directly above the middle of the sacculus, when 
it turns and runs perpendicularly downward. Viewed from the inside of the 
plate the outer processes are seen to be much thickened; the thickening of the 
distal process is confined to the process itself, while that of the proximal process 
is continued for a considerable distance down on the inner face of the plate. The 
outer third of the plate is curved inward toward the middle of the pinnule. 

The tentacles usually contain a few small spicules which may form a group 
or elongated patch in about their middle. 

Leptometra phalangiwm.—Kach ambulacral lappet typically contains a large 
and conspicuous covering plate which is triangular, higher than broad at the base, 
with the inner border more or less concave; these are sometimes much reduced in 
size and irregular in shape, and occasionally occur only as straight rods leaning 
slightly distally; rarely a side plate is found beneath the covering plate. 

The tentacles usually contain a short band of roughened spicules near the 
middle. Sometimes this band is narrower and much elongated; many of the 
tentacles are entirely without deposits. 

Notocrinus virilis (figs. 1829, 1830, pl. 49) —The lateral perisome of the pin- 
nules contains large plates which are usually triangular in shape with rounded 
angles and mostly about half again as high as broad at the base. Their bases are 
separated from each other by a space about equal, on the average, to half the basal 
length. 
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Beyond each of these side plates in the ambulacral lappets, but in contact with 
their outer ends, lies a considerably smaller covering plate which is irregular in 
shape, but usually more or less elongate, and tapers to the point of contact with 
the side plate. 

In addition to this type Mortensen figured very long and extremely narrow 
band-like plates standing at right angles to the pinnulars, with beyond them, in; 
the ambulacral lappets, very ete but usually narrow and elongate covering 
plates. 

Tsometra vivipara (figs. 1328, 1331, pl. 49) —Mortensen states that “ some thin, 
irregular fenestrated plates are developed along the borders of the ambulacral fur- 
rows. They represent the side and covering plates, the latter being the larger. 
The side plates are often irregularly arranged, so that it is difficult to find the one 
corresponding to each covering plate; they may be even totally wanting; also, the 
covering plates may be reduced to a single spicule, at intervals even totally 
disappearing.” 

Mortensen has figured the spicules in the tentacles of this species; they are 
long and straight, with usually rather numerous short and usually blunt pro- 
jections. They are very inconstant. Mortensen says that “sometimes there may 
be quite a bundle of them in a single tentacle of a pinnule, the rest of them being 
entirely devoid of spicules.” 

Hathrometra prolixa (figs. 1170, pl. 27, and 775, p. 362).—In the specimen ex- 
amined each of the ambulacral lappets contains a very long, more or less evenly 
curved, smooth rod, the outer end of which usually has a few minute projections, 
or, more rarely, is slightly forked or expanded, with a few perforations. 

There were no spicules in the tentacles. 

Mortensen has figured two types of plates in the lateral perisome of the pin- 
nules of this species. 

In one type the plates are in the form of long, smooth, curved rods, of which 
the outer end, lying in the ambulacral lappets, is expanded and aoety fan- 
shaped, with fron four to nine perforations and an unfinished and irregular distal 
border, and the inner is parallel to the border of the pinnular, which it follows 
proximally to well beneath the recumbent portion of the succeeding rod. 

Tn the other type the rods are thicker, without any broadening of the outer end, 
abruptly bent in an obtuse angle in the middle, and studded with minute thorns. 

In a pentacrinoid larva figured by Mortensen these rods are more irregular, 
with one or two long processes from about the region of the median angle on the 
convex (distal) side. 

Mortensen figures occasional spicules in the tentacles of the young penta- 
crinoids of this species. These are in the form of irregular elongated calcareous 
rods, which bear frequent minute obtuse spines. 

orimaieece tenella.—Kach ambulacral lappet contains a very slender and 
delicate smooth rod, usually slightly curved, and of moderate length or short. 

Some of the tentueles contain a thin line of spicules, which runs for a short dis- 
tance along the outer side. 
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Hathrometra sarsii (fig. 1174, pl. 27) —In the lateral perisome of the pinnules 
of this species Professor Sars found long, slender, slightly curved rods, with the 
outer ends, in the distal outer portion of the lappets, expanded and pierced with a 
few holes, and the inner ends, lying much more proximally, adjoining the border 
of the pinnulars. Similar spicules occur in the brachial perisome from the first 
appearance of the arms. 

Fariometra explicata—There are no deposits in the perisome of the pinnules. 

There are no spicules in the tentacles. 

Trichometra cubensis (fig. 766, p. 362)—KEach ambulacral lappet contains a 
prominent long smooth rod, bent distally just before or at the middle, the outer 
end of which bears several short spinules or processes, is slightly forked, or is 
expanded with a hole surrounded by short irregular processes. 

There are no spicules in the tentacles. 

Trichometra vexator.—There are no deposits in the perisome of the pinnules. 

There are no spicules in the tentacles. 

Thaumatometra nutriz—According to Mortensen there are no deposits in the 
perisome of the pinnules and no spicules in the tentacles. 

Thaumatometra tenuis—In the outer portion of the pinnules each ambulacral 
lappet contains a long and rather stout rod, bent just before the middle, with the 
outer quarter roughened, armed with scattered short spinules, or expanded and 
perforated with several holes. 

Along their outer side the tentacles contain a broad and conspicuous band of 
very fine interlaced spicules, which persists nearly to their tips. 


Family PENTAMETROCRINIDZ. 


Thaumatocrinus rugosus.—There are no deposits in the ambulacral lappets. 

The genital glands are covered with large, thin, filmy plates. 

There are occasional spicules in the outer side of the tentacles. 

Thaumatocrinus borealis—On some pinnules each ambulacral lappet contains 
a long but extremely narrow band-like plate, which reaches nearly to the edge of 
the pinnulars. On other pinnules the lappets contain a long slightly curved rod, 
slender and smooth, or thick and roughened throughout its length. Again, there 
may be at the base of each lappet a very loose calcareous structure, consisting of one 
or two, rarely of three, very large meshes of different sizes, usually accompanied by 
a rod in the outer part of the corresponding lappet. 

The genital glands are inclosed in a thin calcareous film, consisting of a large 
meshed reticulation with very slender bars. 

There appear to be no spicules in the tentacles. 

Pentametrocrinus japonicus—At the base of each of the ambulacral lappets is 
a very loose meshwork of from 5 to 12 meshes, which are small near the pinnular 
and rapidly become larger outwardly and distally, bordered with unfinished 
meshes. The structure extends outwardly and distally from the point nearest the 
pinnular, or from a point near the inner border. 





Fies. 502-514.—PINNULP TIPS OF VARIOUS COMATULIDS, 
503, SAME, DORSAL VIEW. 
506. NEOMETRA SPINOSISSIMA, LATERAL VIEW. 
LATERAL VInW. 509. SAME, DORSAL VIPW. 
511, PTILOMBTRA MULLERI, LATERAL VIEW. 
513. PTEROMETRA TRICHOPODA, LATRRAL VIDW. 
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502, TROPIOMEBTRA CARINATA, LATERAL VIBW. 
504. PECTINOMETRA MAGNIFICA, LATERAL VIEW. 505. SAME, DORSAL VIPW. 

507. SAME, DORSAL VIEW. 508. PTILOMETRA MULLDRI, 
510. PTILOMETRA MULLERI, P; OF A VERY YOUNG INDIVIDUAL. 
512. PTILOMETRA MULLERI, Ps OF A VERY YOUNG INDIVIDUAL, 
514. SAME, DORSAL VIEW. 
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Within the ambulacral lappets is a long, straight or slightly bent rod, some- 
times two, which is studded with scattered short spinelets in the outer portion and 
with the outer end expanded, forked, branched, or modified in other ways; from 
the outer portion of the lappet this passes inwardly and proximally, making an 
angle of about 45° with the pinnular, along the outer proximal side of the large 
meshwork first described to the pinnular. 

The genital glands are entirely covered by curious scale-like plates of mod- 
erate size, subequal, with rounded angles and no reentrant sides, which imbricate 
outwardly, away from the pinnulars; these plates have excessively fine perforations, 
and usually appear imperforate. 

There are no deposits in the tentacles. 

Pentametrocrinus tuberculatus—The perisomic deposits resemble those of 
P. japonicus. 

Over a swollen genital gland the plates in the perisome, which are entirely 
separated from each other, appear subequal, all subcircular, with a slightly thick- 
ened white spot in the center surrounded by concentric rings of extremely minute 
perforations. 

Pentametrocrinus varians (fig. 802, p. 378).—At the base of the ambulacral 
lappet is a large, coarse-meshed plate, with unfinished edges, more or less oval in 
outline, longer along the longitudinal axis of the pinnule than high. 

Beyond the proximal outer side of this plate, making an angle of 45° with the 
edge of the pinnulars, is a long, stout, and slightly curved rod, which reaches nearly 
to the edge of the pinnulars, and of which the outer end, over the distal portion of 
the large plate, bears on its outer side a few short branches, or two or three meshes. 

The genital glands are completely incased by a pavement of rather small sub- 
equal polygonal plates of very fine texture. 

There are no deposits in the tentacles. 


Family ATELECRINIDA. 


Atelecrinus sulcatus—Kach ambulacral lappet contains in its outer portion a 
rather conspicuous elongated triangular plate, with the apex at the distal end of 
the lappet and the longest side parallel to the ambulacral groove; the shortest 
(proximal) side makes an angle of about 45° with the edge of the pinnulars; these 
plates are widely separated from each other. 

There are no deposits in the tentacles. 

The occurrence of the several types of adambulacral deposits is shown in the 
following table: 

a. No adambulacral structures; the ventral perisome is either entirely naked, or contains only 
minute irregularly scattered spicules. 


Comatella nigra. Nemaster rubiginosa. 
Comatelia stelligera. Nemaster discoidea. 


Comatella maculata. 
Capillaster sentosa. 


Capillaster multiradiata. 
Capillaster coccodistoma. 


Comissia liitkeni. 
Comissia littoralis. 
Comatulides australis. 
Comaster noveguinee. 
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Comaster minimus. Amphimetra spectabilis. 
Comaster multibrachiata. Stephanometra echinus. 
Comaster fruticosus. Stephanometra monacantha. 
Comaster distincta. Oxymetra jfinschii. 
Comaster parvus. Oxrymetra aranea. 
Comaster taviana. Dichrometra ciliata. 
Comaster delicata. Dichrometra flagellata. 
Comantheria polycnemis, Mariametra subcarinata. 
Comantheria briareus. Lamprometra palmata. 
Comanthina_ schlegelii. Lamprometra protectus. 
Comanthus pinguis. Cenometra unicornis. 
Comanthus solaster. Cenometra delicata. 
Comanthus japonicus. Cenometra herdmani. 
Comanthus trichoptera. Cyllometra disciformis. 
Comanthus benhami. Cyllometra albopurpurea. 
Comanthus wahlbergii. Oligometra serripinna. 
Comanthus samoana. Antedon petasus. 
Comanthus annulata. Antedon bifida. 

Comanthus parvicirra. Antedon adriatica. 
Zygometra microdiscus. Promachocrinus kerguelensis. 
Zygometra elegans. Fariometra explicata. 
Catoptometra magniyica. Trichometra vexator. 
Himerometra magnipinna. Thaumatometra nutriz. 
Himerometra robustipinna. Thaumatocrinus rugosus. 


a’, Definite plates present in the ambulacral lappets or in the lateral perisome of the pinnules 
between them and the pinnulars, or in both situations. 
b*. Two series of plates or spicules present: a plate or spicule in each ambulacral lappet and 
another between this and the border of the pinnulars. 
c. Plates of both series large, conspicuous and highly developed, the lateral perisome of 
the pinnules and the ambulacral lappets being completely inclosed by them; 
plates in the lappets more or less circular, oval, or reniform; lateral plates with a 
narrowly produced distal and broad proximal process, and on the inner side two 
prominent ridges, the distal curved and usually interrupted, the proximal straight, 
at right angles to the pinnulars, and carrying the covering plate articulated to 
the outer end. 
@. No supplementary side plates present. 
e’. The sacculi do not pierce or notch the side plates. 
Ptilometra macronema. Pterometra magnipeda. 
Ptilometra miilleri. Pterometra splendida. 
Asterometra anthus. Pterometra pulcherrima. 
Asterometra macropoda. Pterometra trichopoda. 
Asterometra cristata. 
e’. The sacculi reach the exterior through holes in the side plates, or through 
gaps between them formed by two apposed notches. 
f’. The outer portions of the sacculi pass to the exterior through apertures 
formed by two rounded notches in the adjoining ends of adjacent 


plates. 
Neometra alecto. Calometra discoidea. 
Neometra acanthaster. Gephyrometra propinqua. 
Neometra conaminis. Pectinometra carduum. 
Neometra gorgonia. Pectinometra flavopurpureda. 


Calometra callista. Ptilometra macronema. 
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Ptilometra miilleri. 
Cosmiometra crassicirra. 
Cosmiometra delicata. 
Stylometra spinifera. 


Stenometra quinquecostata. 


Stenometrea cristata. 
Stenometra diadema. 
Daidalometra hana. 
Parametra orion. 
Parametra granulata. 
Thalassometra villosa. 


Aglaometra eupedata, 
Crossometra helius. 
Perissometra selene. 
Perissometra patula. 
Perissometra lata. 
Pachylometra distincta. 
Chondrometra robusta. 
Calyptometra lateralis. 
Glyptometra tuberosa. 
Crinomeira insculpta. 
Chlorometra garrettiana. 


f. The outer portions of the saceuli pass to the exterior through large 
holes near the proximal borders of the side plates. 


Monachometra fragilis. Pecilometra scalaris. 


d*?, Supplementary side plates are present. 
e’. The supplementary side plates are in the form of elongate triangular, some- 
what recurved, plates situated on the outer distal angle of the side 
plates, to which they appear to be articulated. 


Thalassometra villosa. 


e*. The supplementary plates are in the form of long boomerang-shaped plates, 
broader in the outer than in the inner portion, lying in a plane making 
a relatively small angle with the transverse planes of the pinnule, and 
situated between the side plates, or just within their distal borders; at 
the base of the pinnules the supplementary side plates may be divided 
into a rounded outer and an elongated and less developed inner portion, 
the former appearing as a supplementary covering plate. 


Cosmiometra crassicirra. 
Cosmiometra delicata. 
Stylometra spinifera. 
Parametra orion. 
c. Plates of both series more or less reduced and often rudimentary, the plates of the 
two series separated from each other. 
d'. Plates of one or the other series composed of a delicate reticulation. 
é. Covering plates composed of a delicate reticulation, or, if more or less 
spiculiform, lying with the axis parallel to the border of the pinnulars. 
f. Side plates forming a continuous series, imbricating distally. 
g. Side plates dense, with a strong median ridge. 


Parametra granulata. 
Oceanometra gigantea. 
Oceanometra annandalei. 


Pontiometra andersoni. 
g. Side plates composed of a thin cribriform film. 
Heliometra glacialis. 


f*. Side plates not in contact. 
g'. Side plates forming irregular or narrow triangles or bands, with 
the longer axes at right angles to the pinnulars. 
Heliometra glacialis. 
Promachocrinus kerguelensis. 
Notocrinus virilis. 
Tsometra vivipara. 


Tropiometra macrodiscus. 
Tropiometra afra. 
Tropiometra carinata. 
Thysanometra tenelloides. 
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@. Side plates reduced to a spicule, or to a group of spicules. 


Neocomatella alata. Heterometra bengalensis. 
Neocomatella pulchella. Heterometra compta. 
Capillaster multiradiata, Heterometra pulchra. 
Comatula rotalaria. Heterometra reynaudii. 
Comatula solaris. Heterometra quinduplicava. 
Comatula pectinata. Homalometra denticulata. 
Comactinia meridionalis. Amphimetra discoidea. 
Comaster multibrachiata. Amphimetra parilis. 
Craspedometra acuticirra. Oxrymetra aranea. 
Heterometra crenulata. Tropiometra macrodiscus. 
Heterometra savignii. Tropiometra afra. 
Heterometra philiberti. Tropiometra picta. 


e’. Covering plates reduced to straight or curved rods, but side plates composeé 
of a delicate reticulation. 
Eumorphometra concinna. Pentametrocrinus japonicus. 
Thaumatocrinus borealis. Pentametrocrinus varians. 
Pentametrocrinus tuberculatus. 
d, Both side and covering plates spiculiform. 


Neocomatella pulchelia. Budiocrinus venustulus. 
Neocomatella alata. Himerometra bartschi. 
Capillaster multiradiata. Heterometra quinduplicava. 
Nemaster rubiginosa. Amphimetra parilis. 
Leptonemaster venustus. Lamprometra gyges. 
Zygometra comata. Cyllometra albopurpured. 
Budiocrinus indivisus. Decametra mylitta. 
Budiocrinus junceus. Oligometrides adeone. 
Budiocrinus pinnatus. Bumetra chamberlaini. 


b*. Only a single series of plates present. 
c, The perisome of the pinnules is completely occupied by a continuous series of large 
imbricating plates. 
Heliometra glacialis. Anthometra adriani. 
Promachocrinus kerguelensis. Leptometra celtica. 
c. The ambulacral lappets contain plates, rods, or spicules, which are entirely inde- 
pendent of those on either side. 
@. Hach lappet contains a definite plate. 
e’. The plates are strongly convex outwardly, and usually large. 
Nemaster grandis. Nemaster rubiginosa. 
Nemaster iowensis. Comatilia iridometriformis. 
e’. The plates are plane. or nearly so. 
f’. The plates are small, triangular, and confined to the apices of the 
Jappets. 


Atelecrinus sulcatus. 


f’. The plates are large, and are continued downward almost or quite to the 
pinnulars. 
g. The plates are fan-shaped. 


Sarametra triserialis. 


g. The plates have approximately parallel sides. 
h*. The plates are very broad, oval in outline. 
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Zenometra columnaris. 


i’. The plates are very narrow and band-like. 
Psathyrometra_ borealis. Thaumatocrinus borealis. 
Psathyrometra fragilis. Isometra vivipara. 


d@. Each lappet contains a single rod or spicule. 
e’. The rods or spicules are straight. 


Comatonia cristata. Tropiometra picta, 
Himerometra martensi. Tropiometra indica. 
Mariametra delicatissima. Antedon petasus. 
Cyllometra disciformis. Compsometra lovéni. 
Cyllometra albopurpurea. Compsometra incommoda, 
Decametra taprobanes. Brythrometra ruber. 
Decametra tigrina. Erythrometra australis. 
Decametra parva. Heliometra maxima. 
Colotometra vepretum. Heliometra glacialis. 
Colobometra discolor. Florometra marie. 
Prometra chadwicki. Florometra asperrima, 
Cotylometra gracilicirra. Florometra serratissima. 
Oligometrides adeone. Florometra magellanica. 
Oligometra carpenteri. Psathyrometra gracillima. 


Oligometra serripinna, 


e’. The rods or spicules are curved or bent. 
f'. The convexity of the curve is outward and proximal. 


Catoptometra hartlaubi. Coccometra hagenii. 
Catoptometra ophiura. Nanometra clymene. 
Amphimetra papuensis. Florometra marie. 
Oxrymetra fiinschii. Florometra laodice. 
Cyllometra albopurpurea, Florometra asperrima. 
Prometra chadwicki. Florometra serratissima. 
Antedon petasus. Cuclometra clio. 
Compsometra lovéni. Trichometra cubensis. 
Toxometra paupera. Thaumatocrinus borealis. 
Tridometra adrestine. Pentametrocrinus tuberculatus. 
Iridometra melpomene. Pentametrocrinus japonicus. 
Andrometra psyche. Pentametrocrinus varians. 


Coccometra nigrolineata. 


f. The convexity of the curve is inward and distal. 


Comatonia cristata. j Psathyrometra antarctica. 
Dichrometra déderleini. Hathrometra proliaa, 
Mariametra delicatissima. Hathrometra_ tenella. 
Decametra mylitta. Hathrometra sarsii. 
Oligometra serripinna. Thaumatometra tennis, 


Hypalometra defecta. 


From the preceding analysis it is evident that the relationships between the 
various types of adambulacral structures and the systematic position of the species 
is quite similar to the relationships between the latter and the various types of 
cirri; that is to say, only a small minority of the systematic units have character- 
istic adambulacral plates. It is interesting to note further that the systematic 
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units in which the cirri are most uniform and most distinctive also have the most 
uniform and distinctive adambulacral plates, and the reverse. In certain groups 
a single specimen often has two or more types of cirri; similarly, a single specimen 
has two or more types of adambulacral plates; also, in the case of both structures, 
most marked in the Heliometrine, there may be great variation in different speci- 
mens of the same species. 

Tn their relation to calcification the ambulacral lappets of the pinnules and 
the adjacent lateral perisome show three chief conditions. 

In the 203 species examined the ambulacral lappets contained each a single 
rod or spicule in 65 specimens, representing the following families: 


Comasteride (very rare). Colobometride (majority). 
Zygometride (rare). Tropiometride (rare). 
Himerometride (rare). Antedonidx (majority). 
Mariametride (rare). Pentametrocrinide (alternative). 


In 60 specimens there were no definite ambulacral structures whatever. These 
were distributed in the following families: 


Comasteride (great majority). Mariametridz (majority). 
Zygometride (majority). Colobometridx (about half). 
Himerometride (minority). Antedonide (Antedon only). 
Stephanometride (all). Pentametrocrinide (one species). 


In 52 species very highly developed side and covering plates, always of the 
same general type, were present. These species included all of those examined 
in the families Calometride, Thalassometride, Charitometride. 

In the remaining specimens very diverse conditions were found, which, how- 
ever, were always traceable to one or other of the two last. 

In the families Calometridz, Thalassometride, and Charitometride the side 
plates possess certain distinctive features by which the species may be assignec 
to their proper family. 

In the Calometride there is a remarkable uniformity of structure throughout 
the genera and species, but in the other two families there is considerable variation. 

In the Thalassometride the species of the subfamily Ptilometrine and of the 
genera Stylometra and Oceanometra appear to possess distinctive side and cover- 
ing plates, while the same is true-of the species of Monachometra and, Pecilo- 
metra in the Charitometride; but in the other genera no distinctive features are 
evident, though certain peculiarities, such as the possession of supplementary side 
plates, are confined to limited groups of genera. 

The side plates of Pontiometra appear. to be distinctive; but only one speci- 
men was examined, and it is quite possible that they may be subject to more or 
less extensive variation. 

The Pentametrocrinide have a curious combination of a rod and a plate which 
is diagnostic, though in certain parts of each individual rods alone may be found. 

Sarametra possesses a quite unique type of adambulacral plating, which is evi- 
dently a modification of the equally unique type found in Zenometra, both of which 
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FIGs. 515—-528.—PINNULE TIPS OF VARIOUS COMATULIDS. 515, OCKANOMETRA ANNANDALEI, LATERAL VIEW, 


516. SAME, DORSAL VIEW. 517. ASTBROMETRA MACROPODA, LATERAL VIEW. 518. SAME, DORSAL VIEW. 
519. ASTBROMETRA MACROPODA, LATERAL vinw. 520. SAM, DORSAL yirEW. 521, STYLOMETRA SPINIFBRA, 
LATPRAL VIEW. 522. SAMP, DORSAL VIEW. 523, THALASSOMETRA ATTPNUATA, LATBRAL ViEw. 524. 
SAMDP, DORSAL VIEW. 525. COMANTHUS TRICHOPTERA, LATERAL VIEW. 526, SAME, DORSAL VIEW. 527. 
THALASSOMETRA ATTENUATA, LATERAL VIPW. 528. SAMB, DORSAL VIBW. 
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are clearly related to the type characteristic of most of the species of Psathyro- 
metra, and occurring also in Thaumatometra, Isometra, and Thysanometra. 

In the genus Humorphometra a combination of rods and plates occurs which 
suggests the conditions found in Sarametra inverted, and the conditions in the 
Pentametrocrinide. 

The genus A¢elecrinus exhibits a very distinctive type of covering plate, but 
as only one pinnule was available for study its possible variations could not 
be traced. 

A further development of the same type occurs in the species of the genus 
Nemaster, and in a still more perfected form in Comatilia. 

In the Comasteride, Himerometride, and Tropiometride the adambulacral 
armature, when present, is almost invariably of a very distinctive type, which, 
however, is alike in all three families. 

Most commonly the adambulacral deposits are in the form of simple spicules 
or rods, which occur either singly or in tandem pairs. These spicules or rods are 
straight or slightly curved, and measure in Leptonemaster venustus about 0.020 
mm.; in Zygometra comata, from 0.015 mm. to 0.025 mm.; in Ludiocrinus pinnatus, 
from 0.070 mm. to 0.115 mm.; in Cyllometra albopurpurea, from 0.002 mm. to 
0.090 mm.; in Antedon petasus, from 0.025 mm. to 0.050 mm.; in Perometra 
diomede, from 0.025 mm. to 0.060 mm.; and in Hathrometra prolixa, about 0.300 
mm. In nearly all of these types they are more frequently absent than present. 

Since in the majority of comatulid types, representing all the comatulid 
families excepting the Atelecrinide (of which our knowledge is very limited) the 
perisome of the pinnules is quite without deposits, contains a vast multitude of 
extremely minute spicules, or a series of simple spicules, in other words, recapitu- 
lates more or less exactly the conditions found in the perisome of the disk of which 
it is the direct continuation ; since the adambulacral deposits never show any trace of 
ontogenetical degeneration; and since, while all plates of every sort develop origi- 
nally from minute spicules, and a spicule may increase in size without forming a 
plate, and there is no evidence, so far as I am aware, that a plate which has once at- 
tained phylogenetic significance ever degenerates into a solid rod or spicule, we are 
apparently justified in assuming that the adambulacral armature of the pinnules 
consists merely of perisomic (secondary) plates strictly comparable with the 
perisomic plates of the disk, but localized and modified as the result of physical 
limitations and mechanical factors, originating as a consequence of the inherent 
tendency in the crinoids to form calcareous deposits wherever possible, and of inde- 
pendent origin within the group and even within small divisions of the group, with 
no phylogenetic history whatever behind them. The adambulacral plates are thus 
merely the continuation upon the arms and pinnules of the perisomic plates of the 
disk, and in those species in which they are highly specialized forms intermediate 
between them and the plates of the interpalmar regions may always be found along 
the disk ambulacra. 

The simple spicule may develop in either of two directions: (1) It may simply 
enlarge and thicken into a stout rod, almost invariably with the outer, or with 
both, ends swollen and roughened, as in Comatonia cristata, Oligometrides adeone, 
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Toxometra paupera, Erythrometra australis, Psathyrometru. antaretica, Florometra 
asperrima, and Florometra laodice; or (2) it may broaden into a plate, either 
directly after its first appearance, or after it has taken on more or less of the rod- 
like character. 

An intermediate type is seen in such forms as /lorometra serratissima, Floro- 
metra asperrima, Hypalometra defecta, Hathrometra prolixa, and Trichometra 
cubensis, where more calcareous matter is deposited on the distal end of the plate 
than elsewhere, and this is largely laid down in a plane parallel to the surface, so 
that a broadened and flattened end, often with large incisions or pierced with one 
or several holes, results. 

If this additional deposition is extensive and all in one plane, a fan-shaped 
form, as seen in Sarametra triserialis, derived through the type found in Penta- 
metrocrinus varians, results; and if both ends are similarly modified, an oval form, 
as seen in Zenometra columnaris. 

After a considerable growth the spicule may fork or branch, so that a large 
and stout triradiate or branched spicule results; spicules of this type are usually, 
perhaps always, intermixed with others of simpler form; they are seen well illus- 
trated in Neocomatella pulchella and in Nemaster rubiginosa. 

If the branching first occurs when the spicule is smaller, greater complexity is 
found and one or two complete meshes may be formed, as in Amphimetra discoidea 
and in Heterometra bengalensis; and if it occurs when the spicule is very small a 
more or less definite plate with indefinite borders results, as in Pontiometra an- 
dersoni and in Tropiometra macrodiscus. 

But instead of first undergoing more or less enlargement as a spicule, the 
original spicule may almost from the start take the course of the spicules which 
form the bases of the first plates to appear in the larve; that is to say, it may almost 
immediately develop into a fine network, spreading out over the perisomic regions 
and entirely inclosing them; the cells in this network, however, are never so small 
as those in the primary plates. 

When this occurs the relative distinctness and mobility of the outer portion of 
the lappets will determine whether there is a single series of large plates, as in 
Promachocrinus kerguelensis, or in Comatilia iridometriformis, or whether there 
are distinct side and covering plates, as in the species of Calometride, Thalasso- 
metride, and Charitometride. 

Though the side plates in the Calometride, Thalassometride, and Charito- 
metride show great uniformity, and their structure is usually very complicated, 
there is not the slightest reason for supposing that they are phylogenetically con- 
nected with the adambulacral plates of any other groups, or that they are anything 
else than the result of the secondary calcification of the perisome, which has been in- 
fluenced by purely local factors. 

Each side plate is the external covering of a definite unit, composed of the 
inner portion of an ambulacral lappet and the associated tentacles and sacculus. 

In their most simple form the side plates in these families are low and approxi- 
mately oblong in shape, with rounded corners, as seen in Asterometra macropoda 
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and in Ptilometra miilleri. In the latter they first appear at an extraordinarily late 
developmental stage. 

Increase in the height of the side plates brings them into contact with the 
sacculi below them, and in their distal portion with the tips of the tentacles which 
when folded down lie on the outer border of the ambulacral groove beneath or 
beyond the outer edge of the covering plate, and almost over the sacculus above 
them. The downward extensions of the-plates pass around the superficial portion 
of the sacculi, which at first come to lie in gaps formed by the excised lower corners 
of two adjacent plates, and later in holes formed by two apposed rounded notches 
just below or even at the middle of the borders of two adjacent plates. In some 
eases the plates may grow entirely around the sacculi, leaving them protruding 
through more or less circular holes near the proximal border, as in Monachometra 
fragilis and in Pecilometra scalaris; but in the types in which this occurs all 
stages may always be found between the isolated perforation and the usual two 
apposed notches. Even when the sacculus reaches the exterior through a perfora- 
tion near the proximal border of the side plates the adjoining distal edges of the 
adjacent side plates are notched, since, as a result of the contour of the side plates 
and of the position of the sacculi, they come in contact with them. 

The uniform outward growth of the side plates is prevented by the tentacle 
tips, and in each side plate a large semicircular notch is formed in the distal 
portion of the outer border in which the tentacle tip rests; this leaves a slender 
curved horn-lke process on the distal outer angle between the tentacle tip and 
the sacculus. 

On the inner surface of the plates septa appear more or less inclosing the 
sacculi which lie over the apposed edges of adjacent plates, and to the outer end 
of the proximal septum the covering plate is attached. 

Whenever sacculi are absent the distal and proximal borders of the side plates 
promptly reassume their normal form. If a sacculus be absent, but the notches 
in the ends of the plates present, it indicates that the sacculus has merely dis- 
charged its contents and that another will soon form in the same place. 

The formation of the supplementary side plates results from the separate 
calcification of the main proximal portion and the distal border of the lappets. 
Since the supplementary side plates are formed within the tissue ordinarily inclos- 
ing the distal border of the side plates with their accompanying ridge, they are 
in reality nothing but this distal border which has become detached from the 
main body of the plate; and, indeed, in certain species the progressive detachment 
of this portion of the plates may be traced in all its stages. 

The cause of this detachment of the distal border of the plate appears to 
lie in the compensation, by the swinging outward of the side plate, of the interior 
crowding caused by the unusually deep downward flexion of the covering plates. 
This lateral movement of the side plates, pivoting on the proximal border, can not 
be extended to the distal border of the plate the ridges on the inner side of which 
pass deeply within the tissues of the pinnule; there thus remains a permanently 
uncaleified strip of perisome between the mobile main portion of the plate and 
the fixed distal border. 
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Any movement of the kind just described would first affect the outer border 
of the side plates, thence gradually extending itself downward; and we find that 
the supplementary plates become separated off, though a rapid deepening of the 
notch between the distal outer process and the main body of the plate in which 
the tip of the tentacle ordinarily lies, accompanied by a progressive eversion of 
the plate. 

In Oceanometra gigantea the supplementary plates undoubtedly represent the 
inner portions of the curved ridge on the inner side of the distal borders of the 
side plates which have become detached from the main body of the plates through 
the shifting proximally of the sacculus and the moving downward of the tentacle tip 
when the covering plates are closed over the ambulacral groove, these changes 
having resulted in the resorption, or nonappearance, of any portion except the 
crests of the two sections of the distal ridge. 

Although the adambulacral deposits in the comatulids are sporadic in origin, 
in the group as a whole as well as in many of its subdivisions, and of purely 
secondary significance, without any such direct homologies as we are, for instance, 
able to trace in the primary plates, still there are certain possibilities to be con- 
sidered in connection with them. 

It has already been explained that the crinoid arm is not an appendage, prop- 
erly speaking, but an enormously elongated branched eversion of the body wall 
from a point exactly on the line where the heavily calcified dorsal surface joins 
the perisomic surface, which carries out within it extensions from all the ring 
formed structures about the mouth and gullet, as well as an extension, the dorsal 
nerve cord, from the central nerve mass. The only organs not continued outward 
into the arms are (1) the digestive tube, (2) the axial organ, which arises from 
the wall of the digestive tube and is probably the homologue of the so-called 
notochord in other invertebrates, and (3) the chambered organ, which is intimately 
connected with the axial organ and lies within the central nervous system. 

Within the arm the extensions from the ring systems about the mouth and 
gullet maintain their original relationships; and as in the calyx the central dorsal 
nervous mass is isolated in the centrodorsal, so in the arms its extension is isolated 
within the calcareous substance of the brachials and pinnulars. 

Before the formation of the arms we find in the young crinoid five lappets 
about the mouth, over which they can be closed, each of which has associated 
with it three tentacles, and at the base on either side a sacculus. 

Along the ventral side of the arms and pinnules, bordering the ambulacral 
groove, just as the lappets about the mouth border upon the peristome, with the 
same relationships with the extensions of the ring systems as the oral lappets 
have to the ring systems themselves, and each with a group of three tentacles and 
a sacculus on either side of the base, we find a continuous series of lappets. 

From their size, structure, and relationships we appear to be justified in 
assuming that the lappets bordering the ambulacral grooves of the arms and pin- 
nules are not only strictly homologous with those about the mouth, but with the 
latter at the stage at which the arms are first formed; that is to say that while 
the lappets about the mouth undergo many changes in passing to the adult stage, 
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those upon the arms and pinnules remain at the stage of development represented 
by the first ones to be formed upon the arm bases. 

Invariably in the young of the comatulids the five lappets about the mouth 
contain each a large plate primarily more or less oval or rounded in shape, but 
with the edges abruptly upturned in such a way that the major portion presents 
a triangular outline (the oral); invariably in the recent stalked crinoids, and in 
a large proportion of the mature comatulids, the lappets along the ambulacral 
grooves contain similar plates. 

Since the ambulacral lappets appear to be clearly homologous with, or rather 
reduplications of, the five original lappets about the mouth, the covering plates 
which they contain must be, to some extent at least, reduplications of the orals 
which in size, shape, and structure they resemble. 

While it appears reasonable to consider the covering plates as at least analogous 
to larval orals, which they resemble even in their manner of closure, no such close 
comparison is possible between the side plates and the basals; and yet the two have 
certain features in common which can not be overlooked. 

At the time the orals are at the stage represented by the covering plates in 
those comatulids in which they are most developed, the basal beneath each bears 
the same relation to the ring systems about the mouth as the side plates do to the 
brachial extensions of these ring systems; furthermore, the lower ends of the 
basals are bent inward over the topmost columnal in just the same way that the 
lower borders of the side plates are bent inward over the ventral surface of the 
pinnulars. The basals in the comatulids eventually pass inward and transform 
into the rosette, protecting the dorsal nerve cords; the side plates develop strong 
inward extensions, and the distal borders, as we have seen, may pass entirely 
within the fleshy portion of the pinnule. The orals are much less variable than 
the basals, and similarly the covering plates are less variable than the side plates. 

The interest in the preceding discussion lies not so much in the homologies, or 
analogies, involved as in the possible bearing on the origin of the basals and orals 
themselves. 

Tt is clear that the adambulacral structures are reduplications of the five 
perioral lappets of the larva; it is not improbable, therefore, that the calcification 
of the ambulacral lappets and the formation of the basals and orals followed the 
same path. The calcification of the basals and orals must be complete in order to 
furnish a support for the larval calyx; the ambulacral lappets are supported by 
the brachials or pinnulars, and there is no such necessity for further support. 
Thus the calcification of the ambulacral lappets may occur in any form between 
the most primitive and the most perfected, while only the perfected type is possible 
in the case of the basals and orals. 

A reasonably complete sequence can be traced in the calcification of the lappets 
from an integument containing multitudes of minute spicules, suggesting those of 
such ascidians as Didemnum, through enlarged single spicules, which may reach a 
very large size, to plates. 

If the similarity between the adambulacral plates and the basals and orals is 
more than superficial, the available facts would suggest the following inferences: 
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(1) The basals and orals in the early larva are perisomic plates, not having as yet 
assumed their ultimate status of primary plates; (2) the plates of the crinoid 
calyx originated as a development from an integument filled with minute spicules; 
and (3) the spicules in such an integument may develop individually into special- 
ized forms, such as large spicules, rods, scale-like plates, buttons, or anchors, or 
through plates of the perisomic type into the typical crinoid plates. 

There is an interesting superficial similarity between the side and covering 
plates in the crinoids and the so-called “snowshoes” developed (from modified 
feathers) along the sides of the toes of certain grouse in winter (fig. 762, p. 353) to 
increase the area covered by the feet, and thus to enable them to travel over 


soft snow. 
TENTACLES, 


In the details of their anatomical and histological structure the tentacles 
appear to vary but little in the different groups. There is great.diversity, however, 
in the extent to which calcareous deposits are developed within them. 

These calcareous deposits, when present, are always in the form of small 
spicules, sometimes smooth, straight, or bent, but usually roughened or studded 
with minute spines and more or less irregular. 

The manner of occurrence of these spicules is indicated in the following table: 
a’. No calcareous deposits in the tentacles: 


Comatella nigra, 
Comatella stelligera, 
Comatella maculata. 
Capillaster sentosa. 
Capillaster multiradiata, 
Capillaster coccodistoma. 
Comissia littoralis. 
Comatula pectinata. 
Comactinia meridionalis. 
Comatulides australis. 
Comaster minimus. 
Comantheria polycnemis. 
Comanthus pinguis. 
Comanthus solaster. 
Comanthus japonica. 
Comanthus trichoptera. 
Comanthus annulata. 
Zygometra microdiscus, 
Zygometra elegans. 
Catoptometra magnifica. 
Himerometra martensi, 
Himerometra magnipinna. 


Himerometra robustipinna. 


Heterometra crenulata, 
Heterometra pulchra, 
Homalometra denticulata. 
Amphimetra spectabilis. 
Amphimetra discoidea, 


Amphimetra papuensis. 
Stephanometra monacantha, 
Pontiometra andersoni. 
Oxrymetra finschii. 
Dichrometra flagellata. 
Dichrometra doderleini. 
Mariametra subcarinata. 
Mariametra delicatissima. 
Lamprometra palmata. 
Cenometra.delicata. 
Cenometra unicornis. 
Cyllometra albopurpurea. 
Decametra. parva. 
Prometra chadwicki. 
Oligometra carpenteri. 
Cosmiometra crassicirra. 
Tropiometra macrodiscus. 
Tropiometra afra, 
Tropiometra carinata, 
Tropiometra picta. 
Tropiometra indica, 
Antedon petasus. 
Antedon bifida. 

Antedon adriatica. 
Toxrometra paupera. 
Eumetra chamberlaini. 
Iridometra adrestine. 
Iridometra melpomene. 
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Andrometra psyche. 
Thysanometra tenelloides. 
Coccometra hagenii. 
Brythrometra ruber. 
Erythrometra australis. 
Heliometra maxima. 
Heliometra glacialis. 
Anthometra adriani. 
Florometra marie. 
Florometra laodice. 
Florometra asperrima. 
Florometra serratissima. 
Florometra magellanica. 
Cyclometra clio. 
Sarametra triserialis, 
Zenometra columnaris. 


c’. Spicules irregularly scattered. 


Psathyrometra borealis. 
Psathyrometra fragilis. 
Psathyrometra antarctica,. 
Psathyrometra gracillima. 
Humorphometra concinna. 
Leptometra celtica. 
Tsometra vivipara. 
Hathrometra prolixa. 
Fariometra explicata. 
Trichometra cubensis. 
Trichometra vezrator. 
Thawnatometra nutriz. 
Thaumatocrinus borealis. 
Pentametrocrinus japonicus. 
Pentametrocrinus varians. 


a’, Spicules are present in the tentacles, or the tip is protected by a more or Jess developed plate. 
bv’. Tip of the tentacles naked and unprotected. 


d@. Spicules not localized, and few in number. 


Neocomatella pulchella. 
Neocomatella alata. 


@. Spicules more or less definitely localized.” 


Comatula pectinata, 
Comaster minimus. 


e’. Spicules confined to the proximal portion of the tentacle. 


f’. Spicules few in number. 


Comantheria briareus. 
Comanthus wahlbergii. 
Comanthus parvicirra. 
Zygometra comata. 
Catoptometra hartlaubi. 
Oxymetra finschii. 
Dichrometra déderleini. 
Lamprometra palmata, 
Cenometra unicornis. 
Cyllometra disciformis. 
Cyllometra albopurpurea, 
Decametra tigrina. 


f*. Spicules numerous. 


Prometra chadwicki. 
Oligometra serripinna. 
Tropiometra macrodiscus. 
Tropiometra indica. 
Compsometra lovéni. 
Coccometra hagenii. 
Leptometra celtcia. 
Tsometra vivipara. 
Hathrometra prolixa. 
Hathrometra tenella. 
Thaumatocrinus rugosus. 


Comatilia iridometriformis. 


e. Spicules occurring only in the distal portion of the tentacle. 


Oceanometra gigantea. 


*, Spicules arranged in broad bands. 


@, A single broad band of spicules along the outer side of the tentacles, which may 


reach nearly fo the tip. 
Comissia liitkeni. 
Leptonemaster venustus, 
Comatonia cristata. 
Comaster novaguinee. 
Comaster multibrachiata. 
Comaster fruticosus. 


Comaster distincta. 
Comaster parvus. 
Comaster taviana. 
Comanthus benhamti. 
Comanthus samoana. 
Budiocrinus indivisus, 
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Catoptometra hartiaubi. Colobometra vepretum. 

Heterometra quinduplicava. Colobometra discolor. 
Amphimetra parilis. Cotylometra gracilicirra. 
Dichrometra ciliata. Oligometrides adeone. 
Cenometra herdmani. Compsometra incommoda. 
Decametra taprobanes. Hypalometra defecta. 
Decametra mylitta. Promachocrinus kerguelensis. 
Decametra parva. Thaumatometra tenuis. 

@. Two bands of spicules, a proximal and a distal, which finally meet and unite. 
Leptonemaster venustus. Heterometra bengalensis. 
Comatonia cristata. Heterometra compta. 
Budiocrinus junceus. Heterometra reynaudii. 
Hudiocrinus pinnatus. Heterometra quinduplicava. 
Budiocrinus venustulus. Stephanometra echinus. 
Himerometra bartschi. Oxymetra aranea. 
Craspedometra acuticirra. Lamprometra protectus. 
Heterometra savignii. Oligometra serripinna. 


Heterometra philiberti. 
b*. Tip of the tentacles protected by a calcareous cap, button, ring, or rudimentary plate. 


Neometra alecto. Gephyrometra propinqua. 
Neometra acanthaster. Pectinometra carduum. 
Neometra conaminis. Pectinometra flavopurpureda. 
Neometra gorgonia. Calyptometra lateralis. 
Calometra callista. Pecilometra scalaris. 


Calometra discoidea. 


A detailed examination of the tentacles was made in 172 individuals. 

Usually all the tentacles in a given specimen agree more or less closely in 
the frequency and character of their deposits, but this is by no means always the 
case; it frequently happens that deposits, commonly a few spicules, occasionally 
considerable aggregations, are found in one or two tentacles of a pinnule but are 
entirely absent in the remainder, while in the Charitometride the tentacles in 
which the tip is protected by a more or less developed plate are mostly confined 
to the base of the pinnules. 

When adambulacral deposits are absent, deposits in the tentacles are usually 
also absent, but this is not always so, for in several species in which there is no 
trace of adambulacral deposits the spiculation of the tentacles is very highly 
developed. Though in the Calometride, Thalassometride, and Charitometride 
the adambulacral deposits are very highly developed, for the most part spicules 
are few or quite lacking in the tentacles. 

In many cases the spicules in the tentacles are far more conspicuous than 
the adambulacral deposits, which are often difficult to distinguish from the usually 
enlarged basal spicules of the tentacles. 

Of the 172 individuals 87, or approximately half, distributed in all the groups 
represented, were found to be without deposits in the tentacles; 28, representing 
the Comasteride, Zygometride, Himerometride, Mariametride, and Colobo- 
metride, with a few Antedonide, showed numerous spicules in a conspicuous band 
along the outer side; 23, representing all groups excepting the Stephanometride 
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(in which there apparently are never ventral deposits of any kind), Calometride, 
Thalassometride, and Charitometride had a few spicules in the proximal portion; 
17, in the Comasteride, Zygometridz, Himerometride, and Mariametride showed 
two conspicuous bands, a distal and a proximal, becoming confluent in the outer 
portion; 11, 9 in the Calometrid and 2 in the Charitometride, had the tip pro- 
tected by a more or less developed plate, and usually spicules in the outer portion ; 
4, all belonging to the Comasteride, had a few scattered spicules; 1, belonging 
to the Comasterids, had numerous scattered spicules in the proximal portion; 
and 1, belonging to the Thalassometride, had scattered spicules in the distal portion, 


but no terminal deposit. 
SUBAMBULACRAL PLATES. 


P. H. Carpenter noticed that deep ambulacral grooves with strongly plated 
sides are met with on the disk of Comatula solaris. In this species the disk may 
be nearly naked, or plated very completely. The whole of the large interambu- 
lacral area in which the anal tube is situated is usually covered with more or less 
scaly plates which become stouter and more granular in the neighborhood of the 
subcentral anal tube. The sides of the deep ambulacral grooves are bounded by 
numerous smaller plates without any definite arrangement; but they are strictly 
limited to the disk, not extending onto the arms. Much of this plating extends 
beneath the water vessels of the disk, and a similar plating is found in a similar 
position in the arms, taking the form of more or less regular plates, though with 
no definite arrangement, being practically only a portion of the general calcareous 
plating beneath the upper surface of the disk; this corresponds to what Miiller 
called the subambulacral plating in Jsocrinus. 

In Comatula rotalaria the large anal area is often beset with numerous irregu- 
lar plates many of which bear nodules of variable size. They are smaller on the 
base and sides of the anal tube, and there are few or none in the small interambu- 
lacral spaces between the edge of the disk and the marginal ambulacra, which are 
themselves devoid of supporting plates. 


VISCERAL SKELETON. 


P. H. Carpenter employed the term “ visceral skeleton ” to denote the numerous 
spicules and networks of caleareous matter which eccur more or less plentifully in 
the bands of connective tissue that traverse the visceral mass of the comatulids. 

He noted that the simple spicules and thin networks of caleareous matter which 
occur in the less heavily plated disks are especially abundant in the visceral layer 
of the peritoneum. This is well seen in those crinoids in which there is but little 
connection between this visceral layer and the parietal layer lining the interior of 
the cup, so that the visceral mass is readily detached from the calyx. Unlike that 
which lines the cup, the oral perisome is usually very closely adherent to the visceral 
mass and can not be separated from it without some trouble. The peritoneal 
covering of the latter also contains limy deposits, so that sections through the upper 
part of the disk show two layers of plates and spicules. The upper one is in the 
perisome itself and belongs to the anambulacral system, while the lower belongs to 
the upper surface of the visceral mass. All of the recent crinoids have more or less 
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abundant plates and spicules in the connective tissue which lies beneath the 
peristome and supports the lip, and also in that which unites the coils of the diges- 
tive tube. In the regular endocyclic crinoids this organ makes rather more than 
a single round turn upon itself, and it is the aggregation of calcareous deposits 
upon its central side which forms the “ columella,” once regarded as a sand canal. 


INORGANIC CONSTITUENTS OF SKELETON OF RECENT CRINOILS, 


In 1906 Mr. H. W. Nichols published a number of analyses of the skeletons of 
marine invertebrates, among them one of the skeleton of the pinnulate arms of a 
crinoid, Metacrinus rotundus, from Japan, in which he found 11.72 per cent of 
magnesium carbonate (MgCO,)—a rather unusual amount. 

This incited my curiosity, and I sent to Prof. Frank W. Clarke, of the United 
States Geological Survey, for analysis some pinnulate arms of the same species 
(Metacrinus rotundus) collected by myself in the Eastern Sea in 1906, and in addi- 
tion pinnulate arms of Heliometra maxima, which I had dredged in very cold 
water in the Sea of Japan in the same year. Both specimens were air dried from 
alcoholic material. The analyses were made, under the supervision of Professor 
Clarke, by Dr. Chase Palmer, and gave the following results: 

Metacrinus rotundus.—Locality, Albatross Station 4934; lat. 30° 58’ 30’ N.. 
long, 130° 32’ 00’ E. (Sata Misaki Light bearing N. 77.5° E., 7 miles distant), in 
the Eastern Sea off Kagoshima Gulf; depth, 103-152 fathoms; bottom temperature, 
about 56° F. 

CaO=49.95 per cent (equivalent to CaCO, 89.19 per cent). 

MgO= 4.89 per cent (equivalent to MgCO, 10.29 per cent). 

Doctor Palmer notes that “this specimen is white and quite free from ex- 
traneous material.” 

It is probable that this individual lived at a somewhat greater depth and in a 
slightly less temperature than that studied by Nichols, which I assume was a com- 
mercial specimen obtained through Mr. Alan Owston from Japanese fishermen 
living at Sagami Bay. 

Heliometra maxima.—Locality, Albatross Station 4986; lat. 48° 01’ 40’ N., 
long. 140° 22’ 40’’ E. (Benkei Mizaki Light bearing N. 35° E., 15 miles distant), 
in Iwani Bay, northeastern part of the Sea of Japan; depth, 172 fathoms; bottom 
temperature, 33.9° F. 

CaO=40.03 per cent (equivalent to CaCO, 71.48 per cent). 

MgO= 2.68 per cent (equivalent to MgCO, 5.61 per cent). 

Doctor Palmer adds that “this specimen contains much foreign material, 
chiefly organic. On the basis of purity as found in the other specimen, the content 
of magnesium carbonate (MgCO,) in this specimen may be accepted as 7 per cent.” 

I commented upon these analyses as follows: Heliometra maxima “ is the largest 
crinoid known, measuring about 3 feet across its extended arms, It might be 
supposed that the comparative openness of its skeleton was due to this very large 
size, as a result of the deposition of inorganic matter not keeping pace with the 
rapid increase in bodily size. It is noticeable, however, that the crinoids of the 
deep seas and from the colder regions have more delicate and more open skeletons 
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than those from comparatively shallow water in the tropics, and it therefore seems 
most probable that cold has the effect of retarding the deposition of inorganic 
matter by the animals to a far greater degree than it retards the general body 
development. Probably in the deep-water forms the enormous pressure under 
which the animals live also tends in various ways to make the deposition of 
inorganic matter more difficult; but the fact that among the crinoids the skeletal 
conditions found in the inhabitants of the deep sea are to almost or quite the same 
degree repeated or continued in those of the polar regions points to the conclusion 
that the chief factor involved is temperature rather than pressure.” 

The great discrepancy in the proportion of magnesium in the skeletons of these 
two crinoids, one from relatively warm and one from very cold water, aroused 
Professor Clarke’s interest, and he suggested the advisability of more extended in- 
vestigations. I sent him the following material: 

Capillaster multiradiata.—Philippine Islands, 1.3 miles from Jolé Light, Jolé 
(lat. 6° 04’ 25’” N., long. 120° 58’ 30’ E.); depth, 36 meters; no temperature 
record (Albatross Station 5137). 

Zygometra microdiscus—Aru Islands, anchorage off Pulu Jedan (Pearl 
Banks) ; depth, 13 meters; no temperature record (Siboga Station 273). 

Catoptometra ophiura.—Philippine Islands, North Balabac Strait, 15.5 miles 
from Balabac Light (lat. 8° 06’ 40’ N., long. 117° 18’ 45’’ E.) ; depth, 104 meters; 
no temperature record (Albatross Station 5036). 

Heterometra quinduplicava—Philippine Islands, 3.3 miles from Tinakta 
Island, Tawi Tawi group, Sulu (Jolé) Archipelago (lat. 5° 12’ 30’’ N., long. 119° 
55’ 50’ E.) ; depth, 32 meters; no temperature record (Albatross Station 5157). 

Tropiometra picta.—Rio de Janeiro, Brazil. 

Ptilometra miilleri—Sydney, New South Wales. 

Parametra granulata—Philippine Islands, between Negros and Siquijor, 11.8 
miles from Apo Island (lat. 9° 15’ 45’” N., long. 123° 22’ 00’ E.); depth, 502 
meters; temperature, 11.95°C. (Albatross Station 5536). 

Perissometra patula.—Philippine Islands, North Balabac Strait, 15.5 miles 
from Balabac Light (lat. 8° 06’ 40’’ N., long. 117° 18’ 45’ E.) ; depth, 104 meters; 
no temperature record (Albatross Station 5036). 

Chondrometra rugosa.—Lesser Sunda Islands, near Rotti (lat. 10° 39’ S., 
long. 123° 40’ E.) ; depth, 520 meters; no temperature record (Szboga Station 297). 

Crinometra concinna.—Northern coast of Cuba (lat. 23° 10’ 35’” N., long. 82° 
20’ 24’” W.) ; depth, 59 meters; temperature, 26.17° C. (Albatross Station 2324). 

Promachocrinus kerguelensis——Shores of the Antarctic Continent, in the 
vicinity of Gaussberg (approximately lat. 67° S., long. 90° E.); depth, 350-400 
meters; temperature, —1.85° C.; salinity, 3.3 per cent (Gauss). 

Florometra asperrima.—Coast of Washington (lat. 47° 29’ 30’ N., long. 125° 
43’ 00” W.); depth, 1,145 meters; temperature, 3.28° C. (Albatross Station 3070). 

Anthometra adriani.—Shores of the Antarctic Continent, in the vicinity of 
Gaussberg (approximately lat. 67° S., long. 90° E.) ; depth, 350-400 meters; tem- 
perature, —1.85° C.; salinity, 3.3 per cent (Gauss). 
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Fics, 565-581.—PINNULE TIPS OF VARIOUS COMATULIDS. 
DEEP WATER, LATWRAL VIEW (DRAWING BY AUTHOR). 
SAMB, DORSAL VIPW. 568. ANTHDON HUPFERI, LATHRAL VInW. 569. SAME, DORSAL VIEW. 570. MASTIGO- 
MHTRA MICROPODA, LATPRAL VIEW. 571. SAMB, DORSAL VIEW. 6572. ANDROMBTRA INDICA, LATERAL VIEW. 
573. SAMB, DORSAL viEw. 574. DOROMETRA NANA, LATPRAL VIBW. 575. SAMB, DORSAL VIEW. 576. 
FLOROMETRA ASPHRRIMA, LATHRAL VINW. 577. SAMB, DORSAL VIPW. 578, PSATHYROMBTRA GRACILLIMA, 
LATHRAL VINW. 579. SAMD, DORSAL VInW. 580. PLOROMUTRA MAGBLLANICA, LATBRAL VIpW. 581. SAMB, 
DORSAL VIEW. 
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565. ANTRDON PETASUS FROM IRISH Sn, 
566. ANTHDON MOROCCANA, LATERAL VIEW. 567. 
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Hathrometra tenella—Oft Marthas Vineyard, Massachusetts (lat. 39° 56’ N., 
long. 69° 24’ W.); depth, 329 meters; temperature, about 7.8° C. (Fish Hawk 
Station 1038). 

Psathyrometra fragilis —Yezo Strait, Japan (lat. 44° 05’ N., long. 145° 30’ 
E); depth, 540-959 meters; temperature, 1.61° C. (Albatross Station 5032), 

Pentametrocrinus japonicus —Southern Japan, 34.5 miles off Omai Saki Light 
(lat. 34° 04’ 20’’ N., long. 187° 57’ 30’ E.); depth, 1,123 meters; temperature, 
3.39° C. (Albatross Station 5083). 

Hypalocrinus naresianus—Philippine Islands, 3.4 miles off Cagayan Island, 
Jolé Sea (lat. 9° 37’ 05’” N., long. 121° 12’ 37’ E.); depth, 612 meters; temper- 
ature, 10.22° C. (Albatross Station 5424). 

Endoxocrinus parre.—Offt Habana, Cuba. 

Isocrinus decorus—Off Habana, Cuba. 

Bythocrinus robustus—Gulf of Mexico, southeast of Pensacola (lat. 28° 38’ 
30’” N., long. 85° 52’ 30’’ W.) ; depth, 255 meters; no temperature record. 

Ptilocrinus pinnatus—Off the Queen Charlotte Islands, British Columbia 
(lat. 52° 39’ 30’” N., long. 182° 38’ 00’’ W.); depth, 2,858 meters; temperature, 
1.83° C. (Albatross Station 3342). 

In the following table the actual analyses are given. 

The symbol “ R,O,” represents the sum of ferric oxide and alumina. 

The “loss on ignition” covers carbon dioxide, water, and organic matter, the 
last being often very high. 


Table of actual analyses. 














COs 
S10» R,O3 MgO CaO POs won nee 
| the bases. 
Capillaster multiradiata...........-..---| 0.16 0. 62 4.77 | 38.12 | Trace. | 54.61 35.19 
Zygometra microdiscus......+222+-+--+-+ . 04 48 4.92'; 37.19 0.17 | 55.05 34. 47 
Catoptometra ophiura.........-.------- 04 .79 4.64 | 40.75 .33 | 51.80 36.81 
Heterometra quinduplicava..........--- } 15 -19 5.13 | 42.77 -11-| 50.28 39.17 
Tropiometra pictda... =, <!-2=<s/s~> -o--% - . 02 35 4.51 | 39.57 -10 | 53.64 36.05 
PTWOTMELT ONAL VET ences eens eels opie iy) lo) 4.17 | 38.91 -17 | 54.61 34. 90 
Parametra granulata............------- -40 . 50 4.48) 41.79 | Trace. | 51.44 37.77 
Perissometra patula ...........-------- sl 63 4.94 | 41.34 -43 | 51.36 37.51 
Chondrometra rugosa. ..--.-.-..------- | 05 23 3.99.| 42.72 | Trace..} 51.69 37.95 
Crinometra concinna.......-.-..+..--+-- | 04 125) 4.75) 41.78 | Trace. | 50.33 38.00 
Promachocrinus kerquelensis......--.----| 02 45 8.02 | 40.68 | Trace. |, 54.53 35.18 
Florometra asperrima.......----------- | 04 39 3.60 | 40.37 .21 | 53.75 35. 48 
Anthometra adriani........5.-+-2.---- 23 37 3.27 | 42.49] Trace. | 52.22 37.08 
Hathrometra tenella.....2.-..-.---------| 3.17 31 2.49 |, 26.12 .23 | 65.25 22.73 
Psathyrometra fragilis............------- ea! 1.01 3.12 | 34.20 | Trace? | 60.04 31.37 
Pentametrocrinus japonicus.......++----- .37 ik 3.76] 38.50 -40 | 55.25 34.01 
Hypalocrinus naresianus....---.------- 07 .09 4.44 | 45.86 | Trace. | 48.32 41.27 
Endoxocrinus parre (arms).......------- 15 . 26 5.04 | 43.41 | Trace. | 50.00 39. 65 
Endoxocrinus parre (column).......---- . 04 20 5.09 | 45.42 | Trace. | 48.58 41.29 
Isocrinus decorus (arms).....---------- 09 »L9 4.70 | 42.77 | Trace?! 50.59 38.71 
Tsocrinus decorus (column).......-.----- 03 .07 5.08 | 45.67 | Trace. | 47.54 40. 40 
Bythocrinus robustus......-..-..------ 40 31 4.56 | 47.08 | Trace. | 47.17 41.93 
Ptilocrinus pinnatus.......------------ 1.64 1.07 3.08 | 40.65 -ll | 51.45 35. 23 
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Professor Clarke says that “in order to make these analyses more instructive 
it is necessary to recalculate them into such form as to show the composition of 
the true crinoid skeleton—that is, to eliminate the highly variable organic matter 
of the original specimens. On doing this, and recalculating to 100 per cent, we 
find that they assume the following form”: 


Table of revised analyses. 











SiOz R20: MgCOs; CaCO; CasP30s 
Capillaster multiradiata..........- Eee eer ree eere 0. 21 0.78 | 12.69} 86.32] Trace. 
Zygomet a MACrOMscus ss. 25-05. 9a aan eee ; . 05 .62 | 13.37 | 85.48 0. 48 
Catoptometratopnturas. c-o ean ea eee . 05 -95 | 11.68} 86.46 . 86 
Heteromeira: QUuindUpucaualsn-o- os2 eae ee einer 24 22} 12.34] 86.93 27 
TrOPLOMEt eG ChE ee eae salem mle oie oe ae . 02 - 43] 11.77 | 87. 51 .27 
Ptilometra miilleri.........--....----- SE 521 24 | (11. 13, | : 87.94 . 48 
Parametra granulata ae .47 .59 | 11.08 | 87.86 | Trace. 
Perissometra patulav? 2s) Letacsted 30. SIA Ges. .14 -74] 12.20) 85.81 111 
Chondrometra Tugosdes « 32205. sdsck = 2b bie be cistl- eee rk . 06 ojo, 9.87 | 89.80 | Trace. 
Crinometra concinna..........--.---- See ge cael a jag eral oe . 05 .30 | 11.69] 87.96 | Trace. 
Promachocrinus kerquelensis............-+2----++-+------- . 02 . 57 7.86} 91.55] Trace. 
Florometra asperrima............-----+-+-- fcisisiaerasisieciee . 05 - 48 9.44 | 89.45 . 58 


WAnthometraaartantes. aso 4 les eeise seme eee oe eesereinslece 
Heliometra maxima. <.. .. ==> = --RaE Ao SOLE te 
Hathrometra} tenella ie soe cnn a teins sei ee aries a cke 
Esathyrometrayr0guis eee eee ene eee ee Seca 
Peniametrocrinusijaponicuss© . 285-222. .S.42o! 5). See 
Metacrinus TOCUNGUS a2)2 52 220 <t ils  en aoe cisteee enee 
Hy palocrinus naresanusmee- ere eee eens eer eee 
Endoxocrinus parre ain Nene 

Endorocrinus parre (column) 
UsocrintUs | decorus) (RTM) sees eens eee eee eee ee 
Tsocrintsidecorus (Column) se 2.2 se ee eee 
Bythocrinius|robustis east = 2 <= ora pcees eee CE io) 
PulccrinuspinnatusOe..... O82. 5. Oa 7 See ee 








1 Recalculated from the figures given above. 


Professor Clarke notes that from the figures it is perfectly clear that the pro- 
portion of magnesium carbonate in the crinoid skeleton is in some way dependent 
on the temperature of the habitat, being least in the crinoids occurring in very 
cold water and, increasing with extraordinary regularity, greatest in those found 
in the tropical littoral. 

At first Professor Clarke supposed that the peculiar relation between the 
temperature of the habitat and the composition of the skeleton might possibly be 
due to a difference in the form of the most abundant carbonate—the less stable 
aragonite in the warm-water forms, and calcite in the crinoids from colder regions. 
But tests by Meigen’s reaction proved that the organisms were all calcitic, and so 
this supposition had to be abandoned. 

In considering the composition of the crinoid skeleton it should be borne in 
mind that the structure is always entirely internal, protected from the surrounding 
water by living tissue, so that whatever alteration it may undergo after its original 
deposition can not be influenced except very indirectly by the water in which the 
animal lives. 
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It is interesting to note that the compactness of the crinoid skeleton increases 
in direct proportion to the percentage of magnesia in its composition. 

Professor Clarke remarks that the proportion of magnesia given for Hathro- 
metra tenella is probably too low, for the specimen as analyzed contained over 6 
per cent of silica and sesquioxides—evident impurities due to adherent mud from 
which the delicate structure could not be wholly freed. If these are rejected, the 
magnesium carbonate (MgCO,) is raised from 9.36 to 10 per cent, which gives the 
crinoid a better and more probable rating. 

This line of investigation was subsequently extended by Professor Clarke to in- 
clude all the echinoderm groups, and of the echinoderms as a whole he says: 


From the evidence now available it seems almost certain that the inorganic constituents of 
any echinoderm will have the composition of a moderately magnesian limestone. There may be 
exceptions, but none has as yet been found. The three tables, for crinoids, sea urchins, and 
starfishes [including ophiurans], all tell the same story, and with remarkable unanimity. 
Furthermore, the proportion of magnesium carbonate appears to be a function of temperature, the 
organisms from warm regions being richer in it than the cold-water forms. The exceptions 
to this rule are apparent rather than real; for cold or warm currents and varying depths of 
water account for all seeming irregularities. The sea urchins seem to be a little poorer in 
magnesia than either of the other groups, but the analyses are fewer and therefore less con- 
elusive. Silica and sesquioxides are probably altogether extraneous, although it is possible 
that small quantities of them may really belong to the organisms. In phosphate of lime the 
starfishes are richest, and all the specimens analyzed contain it in small amounts. Whether 
it is an essential constituent or not is uncertain. As shown by Meigen’s reaction, all the 
echinoderms studied are calcitic, and no evidence of aragonite in them was found, 

The temperature regularity shown by the analyses offers an interesting biological problem 
with which we can not undertake to cope. It is not due to differences of composition in the 
solid matter of sea water, for that is practically uniform all the world over. In all the great 
oceans, and even in minor bodies of water like the Mediterranean, the Baltic, and the Black 
Sea, the proportion of magnesia to lime is very nearly if not actually constant. In gaseous con- 
tents, and especially in carbon dioxide, the waters vary, the gases being more soluble in cold 
than in warm water. Whether this fact has any relation to the phenomenon under discussion 
we can not attempt to say. We can only report the facts and leave their biological discussion 
to others. 

On the geological bearing of the evidence now before us it is easy to speculate; but here 
great caution is needed. It would be unwise to assume that magnesian sediments are more 
abundantly deposited in warm than in cold climates, and so to develop a system of what might 
be called paleoclimatology. Against such an attempt there are two obvious reasons. First, 
the sediments are only in small part derived from echinoderm remains. Other agencies are 
more important in the formation of marine limestones. Secondly, a dense population, so to 
speak, of cold-water organisms may deposit much more magnesia than a sparse population of 
warm-water forms. The data now in hand, with all their suggestiveness, are too few to warrant 
any far-reaching generalizations. It is our intention to carry the investigation still further 
studying other marine invertebrates by the same methods as those which we have followed here. 


More recently Professor Clarke, in connection with Dr. R. M. Kamm, has pub- 
lished an analysis of a specimen of Tropiometra picta collected at Pigeon Point, 
Tobago, in shallow water, of which the temperature was about 28° C. The analysis 
follows: 


SiO, ( Al,Fe) 203 M gCOs CaCO; CasP.0; CaSO, 
0.54 0.51 13.74 83.13 0.64 1.44=100.00 
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P. H. Carpenter employed two different methods in distinguishing the radial 
and interradial parts of a crinoid. The ray opposite the anal area he frequently 
designated as the anterior, while the other four he called right anterior, right 
posterior, left posterior, and left anterior, respectively; but he also used a system 
of lettering in which, viewing the animal from the ventral side, the anterior ray 
was called ray A, the right anterior ray B, the right posterior ray C, the left 
posterior ray D, and the left anterior ray E. According to this terminology the 
anal area would be known as interradius C—D, while the two derivatives from each 
radial in 10-armed types might be differentiated, as he suggests, as A, and A,, 
B, and B,, ete. This system of marking the topography of the disk has a number of 
advantages over that preceding, and will be employed in the succeeding pages. 

As was first noticed by P. H. Carpenter, the ventral perisome varies consider- 
ably in thickness in the different groups. Generally speaking, that of the macro- 
phreate forms is thin and delicate, and the ambulacral grooves are but slightly 
raised above it. In the oligophreate types the perisome of the disk is much thicker 
and more opaque, and the ambulacral grooves are more or less elevated above the 
general surface. 

In the endocyclic comatulids the mouth, is usually situated very near (just 
anterior to) the center of the disk (figs. 710-728, p. 346), especially in species in 
which the disk is deeply incised (figs. 713-727, p. 346); but frequently it occupies 
a more anterior position, having moved outward along radius A. This is most 
noticeable in large species, or in large specimens of smaller species, which have no 
incisions in the interbrachial margin of the disk, and is particularly noticeable in 
the large species of Heliometrine, and in 7'ropiometra (fig. 731, p. 346). It is 
rare, however, for the mouth to be further removed from the center of the disk 
than half the distance between the center and the base of ray A, and uncommon for 
it to be even so much displaced. In the two most primitive endocyclic families, the 
Pentametrocrinidw (figs. 758, 759, p. 353, and 1158, pl. 25) and the Atelecrinide 
(figs. 1163, 1164, pl. 26), the mouth.is almost exactly in the center, but it appears 
never to occupy quite this position in any of the other groups. 

From the mouth there radiate outward across the disk five equal ambulacral 
grooves, which branch dichotomously just before the arm bases are reached (part 1, 
figs. 15, 16, 18, 19, p. 67), and farther out branch again with each division of the 
post-radial series (part 1, fig. 17, p. 67). Ordinarily the branching of the ambu- 
lacral grooves upon the disk takes place near the margin, and all the primary 
ambulacral groove trunks are of equal length; this is especially true in the Macro- 
phreata (figs. 747-757, p. 349), but in certain genera belonging to the Oligophreata, 
more especially in 7ropiometra (figs. 729-733, p. 346) and in Ptilometra (figs. 739- 
741, p. 349), the division of the primary groove trunks is irregular both in different 
individuals and on the different rays of the same individual, sometimes occurring 
at the peristome, so that, instead of the single primary trunks, two secondary trunks 
are given off side by side. 
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Fics. 582-593.—PINNULE TIPS OF VARIOUS COMATULIDS. 582. LEPTOMETRA CELTICA, LATERAL VIEW. 583. 
SAMB, DORSAL vinw. 584. HATHROMETRA PROLIXA, LATERAL vinw. 585. SaMp, DORSAL VIEW. 586, 
HATHROMETRA SARSII, LATERAL VIBW. 587. SAME, DORSAL VIEW. 588, FLOROMETRA MAGELLANICA, TIP 
or P,;. 589. SAME. 590. FLOROMETRA PERPLEXA, TIP OF P;, 591, FLOROMETRA MAGELLANICA, TIP 
or P,. 592, COMATILIA IRIDOMETRIFORMIS, DORSAL VIEW. 593, SAMB, LATERAL VIEW. 
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The primary groove trunks of /udiocrinus (fig. 712, p. 346), Pentametocrinus 
(figs. 758, p. 353, and 1158, pl. 25), and 7hawmatocrinus (fig. 759, p. 353) continue 
out upon the arms undivided. On the disk those of the first two are equidistant, 
but those of the last, though entirely separated from each other, are arranged in 
five pairs, indicating the five primary radial divisions, which have become sub- 
divided to form the 10 rays. 

The five interpalmer or interambulacral areas delimited by the ambulacral 
grooves in their passage across the disk are usually nearly of the same size, though 
that in which the anal tube is situated is commonly slightly larger than the others, 
and the ambulacral grooves bounding it are slightly bowed outward. In large 
species, however, in which the mouth is more or less excentric, as in the large 
species of Heliometrine and in 7’repiometra, the anal area is sometimes consider- 
ably larger than any of the others and is bounded by noticeably convex ambu- 
lacral grooves. 

From the disk the ambulacral grooves extend outward along the ventral sur- 
face of the arms, and from these brachial extensions lateral branches are given off, 
which reach nearly to the tip of each of the pinnules, with the exception of those 
borne by the division series (when present) and the lowest brachials. The floor 
of the grooves is composed of ciliated epithelium with a subepithelial nerve band, 
beneath which lie the radial blood and water vessels. 

The sides of the grooves are not straight, but are scalloped, showing con- 
tinuous series of minute valvules or lappets, the crescentic or respiratory leaves of 
Sir Wyville Thomson. At the base of each lappet, and to some extent protected 
by it, is a group of three tentacles, one of which, the most distal, is larger than 
the other two. This trifid group of tentacles and the cavity of the respiratory 
leaf adjacent to them receive a common branch from the radial water vessel. These 
groups of tentacles alternate on the opposite sides of the ambulacral grooves from 
the base to the tip of each of the arms and pinnules, and are distributed in the same 
manner along the sides of the ambulacra of the disk, though here they are not so 
well developed, especially near the peristome, where every lateral branch of the 
water vessel supplies only one tentacle. The lappets at the sides of the groove are 
also far less distinct than on the arms, the edges of the folds of perisome bounding 
the grooves being only faintly marked by an indistinct wavy line. 

P. H. Carpenter noticed that the conditions described above in many of the 
Comasteride apply only to the arms of the two anterior radii, A and B, and to 
more or fewer of the antero-lateral arms, C, and E,. The arms of the posterior 
radius, D, and of the posterior divisions of the lateral radii, C, and E,, are often 
entirely devoid of tentacles, and in many of them the ventral perisome not only 
exhibits no ambulacral groove (fig. 1037, pl. 12), but is, on the contrary, convex, as 
in the oral pinnules of Antedon. 

In Comanthus parvicirra, as in all comasterids with an interradial mouth 
(figs. 685, 689, 691, p. 341 and 1149-1153, pl. 24), the anal area is bounded by two 
large aboral groove trunks which start from the posterior angles of the peristome 
and form a horseshoe-shaped curve the limbs of which are unequal in size. The 
smaller right limb is formed by the right lateral ambulacrum, C, while the larger 
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left limb represents the posterior ambulacrum, D, combined with part or the whole 
of the left lateral ambulacrum, E. In neither of these limbs are the tentacular 
groups and crescentic leaves so well developed as they are in the two anterior 
ambulacra. After the branches to the two antero-lateral primary arms, C, and E, 
have been given off, or sometimes even sooner, the tentacles at the sides of the two 
aboral groove trunks become more and more insignificant and finally disappear 
altogether, while the position of the crescentic leaves is only indicated by a very 
faint wavy line at the edge of each groove. In small specimens with but few arms 
the grooves of the posterior and postero-lateral arms, D, C,, and E, may remain 
in this condition; but in larger specimens with many arms all traces of the lappets 
disappear, and the two edges of the groove meet and unite so as to produce a 
condition in which the ventral surface of the arms and pinnules is convex and does 
not show the least trace of a groove of any description. The position of the point 
at which the two folds of perisome bounding the sides of the original ambulacral 
groove meet and unite varies extremely. The fusion may, though rarely, take 
place on the disk (figs. 692, 693, 699, 700, p. 341, and 1150, 1151, 1153, pl. 24); 
sometimes it is at the base of the arms, and sometimes not till near their middle 
or terminal portions. In any case, however, the fusion whenever it occurs is so 
complete that all trace of the original ambulacral groove is entirely obliterated. 

The position of the mouth in the Comasteride is subject to great variation. 
Exceptionally it is central or nearly so; this is invariably the case in Comatilia 
(fig. 687, p. 341), Comatonia, and Microcomatula, and occurs frequently in Leptone- 
master (fig. 877, p. 485), Comaster (especially in the smaller species) (figs. 697, 
698, p. 341), and Coméssia, and not uncommonly in Capillaster multiradiata (fig. 
1147, pl. 23; compare with fig. 1148). Usually, however, it is marginal or sub- 
marginal, this position being especially emphasized in the Comactiniine (figs. 
688-693, p. 341, and 1149, pl. 24) and in Comanthus (figs. 700, 701, p. 341, 1152, 
pl. 24, and 1154, pl. 25). 

When the mouth is marginal or submarginal it varies from a strictly radial 
position immediately opposite the center of ray A (figs. 690, 692, p. 341) to an 
interradial position in the middle of the interradius A—B (figs. 689, 691, 699, 
701, p. 341) ; generally speaking, the mouth in 10-armed species is radial in position, 
while in multibrachiate forms it is more commonly interradial, though in each 
species specimens may occasionally be found in which it is quite radial (figs. 691, 
692, p. 341). 

The explanation of the interradial position of the mouth may be the following: 
The ambulacral grooves of necessity divide many times in the multibrachiate types 
upon the disk as the latter reaches above the last arm division. Economy calls 
for a maximum concentration of the food particles at the lips, and the fewer the 
erooves reaching the mouth the greater the concentration will be. It is essential, 
therefore, that the mouth shall be the focus of the minimum number of food grooves 
each of which will carry food in the condition of maximum concentration, and 
each of which will carry approximately the same amount of food. The many 
coils of the digestive tube force the anterior portion of the organ, and with it 
the mouth, to a marginal position so close to the edge of the disk that, were it to 
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remain in the radial line, the ambulacra from the numerous subdivisions of the 
anterior ray could not possibly join before reaching it. The shifting of the mouth 
to the right appears to be an effort to minimize the number of groove trunks 
reaching it and to equalize the amount of food delivered by each. 

The shifting of the mouth into the interradius A—B and never into the inter- 
radius A—E is probably connected with the coiling of the digestive tube. 

In the early stages and until a considerable time after the resorption of the 
orals the mouth is central. It first migrates anteriorly along the line of radius 
A to a position near the base of the anterior arm and later moves to the right. 
In the adults it may occupy a position anywhere along this course between the 
center of the disk and the middle of the border of interradius A—B. 

P. H. Carpenter notes that in the Comasteride the mouth occupies the center 
of the peristome (fig. 687, p. 341) and is bounded by two lips—a large anterior and 
a smaller posterior (fig. 1154, pl. 25)—so that its opening is very inconspicuous 
and usually so much extended in a direction transverse to the antero-posterior 
diameter of the disk that it presents the appearance of a simple slit. The circum- 
oral portion of the peristome, the peristome proper, is a more or less oval depres- 
sion in the ventral perisome of the disk which completely surrounds the oral open- 
ing and gives off the ambulacral grooves. Beneath this depression lies the water 
vascular ring, which gives off a trunk under each of the grooves radiating from 
it. The number and distribution of these are very variable and primarily depend 
upon the way in which the grooves divide so as to give rise to the trunks corre- 
sponding to the 10 primary arms. As a general rule, the two ambulacra corre- 
sponding to the radii D and E unite into one large posterior trunk from which 
the branches are distributed to the various arms into which these radii divide. In 
other cases the left lateral ambulacrum, EH, leaves the peristome alone, while in 
others it is partially united with the posterior ambulacrum, D, its anterior division, 
E,, leaving the peristome by a separate trunk, while its posterior division, E,, 
unites with the posterior ambulacrum. As a general rule, the right lateral ambu- 
lacrum, C, leaves the peristome alone and supplies the arms of the corresponding 
radius, but occasionally it is seen to unite with the posterior division, B,, of the 
right anterior ambulacrum, B. The mode of division of the two anterior ambu- 
lacra (A and B) is excessively variable; as a general rule, there are no: principal 
trunks corresponding to the two radii A and B, and the primary divisions A,, A,, 
B,, and B, originate directly at the peristome (fig. 690, p. 341). In the specimens 
with but few arms, however, each pair may be united for a longer or shorter 
distance, as in Aintedon. Not infrequently the posterior divisions A, and B, of 
these two anterior ambulacra unite for a longer or shorter distance with the two 
large aboral groove trunks to form an open horseshoe-shaped curve bounding the 
anal area. The position of the anal tube in this area, and also in regard to the 
whole surface of the disk, varies somewhat with the position of the mouth; it is 
rarely, if ever, absolutely central. Its appearance differs very much according as 
it is full or empty; sometimes its aperture is so completely closed as to be scarcely 
discernible though the tube below is widely distended, and sometimes the aperture 
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is patent, with its edges everted and crenulate, and the tube leading to it quite 
shrunk and flaccid. 

In the species of Comasteride in which the mouth is interradial the main 
ambulacral trunk which passes to the left from it is considerably longer than 
that which passes to the right (fig. 685, p. 341), as a natural result of the displace- 
ment of the mouth. <A line passing through the mouth and the anal tube passes 
also through the center of the left posterior ray (part 1, fig. 26, p. 69), though 
this ray is supplied entirely from the left ambulacral trunk. | If this line be taken 
as representing the antero-posterior axis the left groove trunk is seen to pass to 
all the arms of the left side, and thence onward to all the arms of the posterior 
ray, half of which lie on the right side, while the right groove trunk passes only 
a part of the way down the right side. The former thus supplies three rays 
and the latter two. But almost invariably: when this occurs the ambulacra of 
the posterior arm are suppressed (part 1, fig. 27, p. 69), so that in reality each 
of the primary trunks supplies two rays. When the mouth is radial it is in line 
with the anal tube and the center of the posterior interradius (part 1, fig. 25, 
p. 69), and in this case each of the groove trunks supplies two rays, the anterior 
ray being furnished with grooves which lead directly to it from the mouth as 
in Antedon. 

Among the species of Comasteride in which the mouth is radial and the two 
lateral groove trunks therefore of equal size, as in Comatula rotalaria (fig. 688, 
p. 841), the metamorphosis of the two posterior rays, by which the ambulacra, 
epithelial nerves, and associated structures are lost, takes place at an equal rate; 
but when the mouth is interradial, as is usually the case in multibrachiate species, 
the left posterior ray, which is farthest from the mouth, is always affected first 
and to the greatest extent (figs. 700, 699; p. 341). Very many cases are met with 
in which this is the only ray to be affected, so that a peculiarly complicated sym- 
metry has resulted, in which the right anterior interradius (including the mouth) 
is anterior, and the reduced and modified left posterior ray is posterior, the plane 
of the bilateral symmetry superposed upon the fundamental pentamerous sym- 
metry thus having been shifted 36° from the normal in which radius A is anterior 
and the opposite interradius posterior (part 1, figs. 25-28, p. 69). With the atrophy 
and metamorphosis of the left posterior ray and the disappearance of its ambu- 
lacral structures this becomes an isolated ray with similar interradial areas on 
either side, each of which is bounded on the further side by a ray supplied with 
ambulacral grooves derived from a trunk coming from the mouth which is of 
the same length as the trunk on the opposite side of the disk. Since the anal tube 
in either case is approximately central, so far as the structures of the disk and 
rays are concerned, this symmetry, when developed, is just as perfect a bilateral 
symmetry as the normal in which ray A lies in the antero-posterior axis. 

The relation of the ambulacral grooves to the brachials varies greatly in the 
different genera and species. Carpenter noted that the middle line of the upper 
surface of each segment of the brachial skeleton is occupied by a groove of variable 
width and depth which is bordered on each side by the more or less prominent 
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muscle plates of the successive brachials, and the vascular structures which are 
partly contained in it are continued from one brachial to another between the 
two large muscle bundles which unite them. In the Oligophreata and in very 
large species of the Macrophreata this arm groove merely lodges the lowest part 
of the celiac canal, while the genital cord, with the water vascular and blood 
vascular tubes and the ambulacral epithelium are all situated above the arm 
groove and separated from it by a variable amount of intervening perisome, so 
that little more than half the vertical height of the arm is due to its dorsal 
skeleton. In the majority of the Macrophreata, however, a great part, sometimes 
even the whole, of the soft parts of the arm are lodged within the groove on the 
upper surface of the skeleton, and there is no substantial ventral perisome in the 
ordinary sense of the word, or it is reduced to a mere film, sometimes thinly 
plated, which covers up the muscular bundles. 

The outline of the disk may be approximately circular or pentagonal (figs. 712, 
p. 346, and 747-752, p. 849), in which case the disk is said to be entire, or there may 
be more or less deep reentrants in the interradial areas (figs. 713-724, p. 346), when 
the disk is said to be incised. 

In one family, the Pentametrocrinide, the disk is very strongly stellate (figs. 
758, 759, p. 353, and 1158, pl. 25), due to the extraordinary extension over the 
proximal portion of the arms. 

Incision of the disk reaches its extreme in the families Himerometride (figs. 
713-718, p. 346), Stephanometride (fig. 726, p. 346), and Mariametride (figs. 719- 
725, p. 346, and part 1, fig. 17, p. 67), in the genera Zygometra (figs. 710, 711, p. 
346, and 1155-1157, pl. 25) and Catoptometra of the Zygometride, and in the genera 
Cenometra (part 1, fig. 16, p. 67), Cyllometra and Epimetra of the Colobometride, 
and is marked in the Thalassometrine (figs. 748, 745, p. 349) and in the Chari- 
tometride (figs. 746, p. 349, and 1159-1161, pl. 26). 

The disk is most nearly circular in outline in the Calometride (figs. 734-737. 
p. 349, and part 1, fig. 19, p. 67), in many of the Antedonine (figs. 750, 756, p. 349), 
and in the genus Hudiocrinus (fig. 712, p. 346) of the Zygometridx, in which it is 
almost globular in form, and it is very strongly rounded in the other subfamilies 
of the Antedonide (figs. 747-757, p. 349), in the Tropiometride (figs. 729-733, 
p. 346, and part 1, fig. 15, p. 67), and in the Ptilometrine (figs. 738-742, p. 349). 

The interradial borders are slightly incised in the Comasteride (figs. 685-709, 
p. 341; 1144, 1147, 1148, pl. 23; 1149-1153, pl. 24; and 1154, pl. 25), the Colobo- 
metride (figs. 727, 728, p. 346), excepting the genera Cenometra, Cyllometra, and 
E'pimetra, and the Atelecrinide (figs. 1163, 1164, pl. 26). 

Thus while between the shape of the disk and the systematic position of the 
comatulids there is but slight correlation, between it and the number of arms 
there is a much more definite connection, for, broadly speaking, the larger the 
number of arms the deeper are the reentrants between the five arm groups; but 
it should be emphasized that even here the correspondence is only approximate, 
and we find a notable exception in the Comasteride. 

The ventral surface of the disk may be (1) quite naked (though calcareous 
deposits are always present in the cutis) (figs. 748, 749, 751, 752, 754-757, p. 349), 
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(2) studded with a few large rounded isolated concretions, mostly in the anal area 
(figs. 741, 743, 747, 750, 753, p. 349), (3) thickly beset with very numerous subequal 
rounded plates of moderate size which are usually more or less in contact (figs. 
738, 744, 746, p. 349), or (4) almost completely, or quite, incased in a pavement 
of larger and thinner polygonal plates (figs. 784-787, p. 349). 

The disk is quite naked in most of the Comasteride, in the Himerometride 
and Stephanometridex, in most of the Mariametride, most of the Colobometride, 
most of the Antedonide, and most of the Pentametrocrinide, and in the Tropio- 
metride and Atelecrinide. 

The disk is studded with a few large rounded isolated concretions, for the 
most part in the anal area, in many of the Comasteride (particularly in the 
Comactiniinz), and in a few of the larger species of Antedonine (chiefly in the 
genera Antedon and Mastigometra). 

The disk is thickly beset with very numerous subequal rounded plates of 
moderate size, which are usually more or less in contact, in the Thalassometride and 
Charitometride, and in Pentametrocrinus semperi and P. atlanticus of the Penta- 
metrocrinide. 

The disk is entirely inclosed in a solid vault of large polygonal plates, which 
separates very easily from the underlying structures, in 'udiocrinus of the Zygo- 
metride, Colobometra diadema of the Colobometride, and in the Calometride; the 
same type of plating, though less perfect and with the plates not always in contact, 
occurs in Zygometra and Catoptometra of the Zygometride, and in Mariametra 
of the Mariametride. 

In the following families the disk is always of the same type: Himerometride, 
Stephanometride, Tropiometride, Atelecrinide, Thalassometride, Charitometride, 
and Calometridx; while the following include species having the disk of two types: 
Comasteride, Zygometride, Mariametride, Colobometride, Antedonide, and Pen- 
tametrocrinide. 

The occurrence of different types of disks in related forms is emphasized by 
species in the following genera: Colobometra, Antedon, Mastigometra, and Penta- 
metrocrinus; and different types of disks are even found in different individuals of 
species in the genera Comatula, Antedon, and Mastigometra. 

The plating of the disks of the species of Calometride is quite characteristic, 
and detached disks of these species (fig. 736, p. 349) can at once be assigned to the 
family; but this is the only family in which this is the case. The disks of the 
species of Thalassometride and Charitometride present features not otherwise 
known in the comatulids, but those of the different species in the two families show 
only average differences. Disks of the species of Hudiocrinus are readily recog- 
nizable, more because of the very narrow torn areas than on account of the character 
of the plating. 

In the remaining comatulid families and genera overlapping and intergradation 
of the disk characters occur to such an extent that no general statements can be 
made, though in many types certain features other than the plating, or combinations 
of characters, are diagnostic. For instance, the disks of the species of Promacho- 
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crinus are easily identified because of the 10 rays; those of the species of Thau- 
matocrinus because of the deeply stellate shape and 10 undivided ambulacral 
grooves; those of the species of Pentametrocrinus because of the deeply stellate 
shape and the five undivided ambulacral grooves; those of the species of Com- 
asteridx because of the absence of sacculi; those of the species of Himerometride 
because of the incised borders and numerous irregularly-branched ambulacral 
grooves; those of the Zygometride (other than the species of 'udiocrinus) because 
of the character of the plating, combined with the many-branched ambulacral 
grooves; and those of the species of Tropiometrid because of the irregular division 
of the five primary ambulacral grooves. 

There is a limited amount of correlation between the extent of plating on the 
disk and the development of side and covering plates along the brachial and pinnule 
ambulacra. Thus in the Calometride both the plating of the disk and of the 
ambulacra reach the highest degree of perfection, and the next most perfect stage 
of each is found in the Thlassometridx and Charitometride. On the other hand, 
covering plates are highly developed in the genera Vemaster and Comatilia in the 
Capillasterine (Comasteride), and both side and covering plates in certain species 
in the Heliometrine (Antedonide), in all of which the disks are naked; and the 
disk is more or less heavily plated in the Zygometride, Colobometra diadema, and 
Pentametrocrinus semperi and P, atlanticus, in which no side or covering plates can 
be detected without minute examination. 

In the very young postpentacrinoid stages of Z’hawmatocrinus renovatus (part 
1, fig. 117, p. 183) and of Comactinia meridionalis the disk between the margin and 
the outer borders of the orals is completely covered by a pavement of small plates, 
which later disappear. These do not appear to have any connection with the plates 
just described, but seem to be the last vestige of a complete plating of the disk 
which occurred in the ancestral types. It is curious that such a plating has not been 
observed in the developing Antedon, but the stage at which it occurs has not as yet 
received much attention. 

In certain of the larger species in the Comasteridew, most conspicuously de- 
veloped in Comaster multifida, C. belli, C. noveguinew, and Comanthina schlegelit, 
in E’rythrometra, in Mastigometra, invariably in Antedon diibenti and A. moroc- 
cana, and frequently in A. bifida, interradials occur. In the comasterids these are 
usually in the form of two, sometimes with a more or less developed third, columns 
of large polygonal plates resting upon a single plate in the interradial angle. 
They may be supplemented by similar plates between the branches of the division 
series. In Comanthina schlegelii they are almost invariably present, and large and 
solid; in the other species they are sometimes extraordinarily developed, each 
individual plate having a convex outer surface, and very frequently quite absent. 
In the developing Comactinia it has been noticed that the early complete plating 
of the integument of the disk persists longest in the lateral interradial areas, and 
it is quite possible that these interradials as seen in the large comasterids arise from 
the retention and enlargement of these larval structures. In E'rythrometra (figs. 
666, 667, p. 329) the interradials take the form of several columns of small isolated 
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plates in the lateral interradial perisome. In J/astigometra and Antedon (figs. 
1018, pl. 7, and 1145, 1146, pl. 23) they occur as a small rounded group of from half 
a dozen to a dozen plates in the interradial angles between the IBr,. 


ORGANIC BASE OF THE SKELETON, 


In general, the organic base of the skeleton forms a network of more or less 
narrow meshes, between which the calcareous portions of the skeleton lie. Some- 
times the spaces in this network are quite uniform, as in the calyx of /socrinus 
decorus, but often wider and narrower, elliptical, and circular meshes are found 
indiscriminately in close proximity, as in the arms of Antedon. They are always 
sharply outlined. 

The network is composed of the processes of star-shaped cells with at least 
two branches which lie most commonly at the nodes, though present in other places. 

In the organic base of the skeleton two types of cells can be differentiated. 
The cells of the first type are spherical or somewhat elongate with dark nuclei 
surrounded by a small quantity of plasma. These cells give off processes in the 
shape of fine fibrille which branch extensively, often forming an irregular entangle- 
ment with the fibrille of the neighboring cells. 

The cells of the second type probably have to do with the deposition of the 
calcareous material. In the resting stage in the older skeletal structures they are 
of very characteristic form, ovoid or almost spherical, with a usually elliptical 
nucleus which lies close to the cell border, mostly at the more pointed pole. They 
occur everywhere where calcified connective tissue is present, or is in process of 
formation. 

In the regenerating arm where skeletal elements occur there are found 
spherical mesenchyme cells which divide actively and possess a large nucleus with 
a prominent nucleolus. As these cells increase in size the nucleus becomes some- 
what smaller and stains so deeply that no details are visible in it. At the same 
time there appear in the cell plasma granules of the same color as the nucleus 
which, apparently consisting of chromatin, collect in larger or smaller masses. 
Immediately a small vesicle may form, which increases in size and occupies 2 
large portion of the cell, though usually there appear in these cells a great number 
of vesicles of different sizes, but always spherical. In older developmental stages 
the nucleus is only rarely to be found and is of more or less indefinite form. 

Like the preceding, these cells appear to be concerned with the construction 
of the calcareous elements. It is noticeable that the larger vesicles within them 
show much similarity to the vesicles in the chambered organ. 

The calcareous substance in the ossicles of the arms and pinnules often projects 
in the form of needle-like points through the epidermis. In Heliometra glacialis 
these extruding points may be as long as 0.02 mm. 


CONNECTIVE TISSUR. 


In the ecrinoids most of the connective tissue is found within and about the 
skeletal elements. This connective tissue has already been described. 
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In the wall of the end gut the connection of the fibrille with the cells is 
easily seen. In the gelatinous ground substance, which appears more or less finely 
granular, lie spindle and star shaped cells, the processes from which radiate in 
all directions through it, uniting with the processes of other cells at various places. 
When the fibrille run parallel to each other the tissue acquires, if they are suffi- 
ciently numerous, a cartilaginous consistency, as is more or less evident in the 
inner layers of the cutis. Ameeboid cells of all shapes are present and are often 
more or less grouped. 

In the arms of Heliometra glacialis there are found cells 0.01 mm. in diameter 
which show one or several processes, or may be more or less spherical. A spherical 
nucleus 0.002 mm. in diameter lies in the granular cytoplasm. 

In Antedon the cell substance does not stain, but a reticulation can be made 
out in the meshes of which les the deeply stained nucleus. About the dorsal 
portion of the mesodermal nervous system these cells are abundant. 

In Neocomatella pulchella on the dorsal and lateral surfaces of the arms and also 
beneath the epithelium of the anal tube prominent cell clusters appear in the form 
of more or less egg-shaped structures. These cell groups, each consisting of five 
or more cells, occur immediately beneath the external epithelium. The individual 
cells are bladder like, consisting of a thin membrane in which the cell substance is 
inclosed. ‘The cells are filled with a watery transparent fluid which is not stainable. 
A spherical nucleus lies more or less centrally, surrounded by a small amount of 
plasma, which, in the form of pseudopodia-like threads, stretches to the wall, 
holding the nucleus in place. The walls of occasional cells are often strongly 
pleated. 

Such cell groups are a prominent feature of the walls of the pinnules in all 
the species of Comasteride which have been studied, but they have never been 
found in any endocyclic form. 

It has been supposed that their function is to antagonize the ventral muscles. 


PIGMENT. 


Pigment cells, containing free pigment granules, are abundant elements in 
the mesoderm of the cutis and occur also widely distributed throughout the body. 


VISCERAL MASS. 


In Antedon the body wall of the visceral mass is everywhere uniform except 
at the ambulacral furrows, beneath which the water vessels and other organs lie. 
In mature animals the thickness of this wall is at the most 0.1 mm. 

It is composed of four layers: (1) The general body epithelium, composed of a 
single layer of cells; (2) the cutis; (3) the connective tissue layer; and (4) the 
epithelial lining of the body cavity. 

The external epithelium has secreted no cuticle, and is scarcely to be differen- 
tiated from the connective tissue layer. The small size of the component cells often 
renders them difficult to demonstrate. There are no cell borders, but the presence 
of nuclei lying closely together in an irregular layer indicates the presence of 
an epithelium. 
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In Neocomatella pulchella the form of this epithelium is more easily seen. The 
cells, the borders of which can rarely be determined, are approximately cubical, and 
their position is indicated by their dark-colored nuclei. 

In Antedon mediterranea, Tropiometra carinata, and Neocomatella pulchella— 
apparently in all comatulids—the connective tissue layer is divisible into two strata, 
of which the more superficial is composed of a loose union of fibers running in 
every direction, while the deeper, bordering the celomic epithelium, shows a 
cartilaginous consistency. In this connective tissue layer are nerve branches, which 
run parallel with the surface, from which nervules proceed to the epithelium. It 
is traversed by the water pores, which lead into the body cavity. 

The ambulacral grooves lead from the pinnules to the arms, down the center 
of the ventral surface of each arm, and across the disk, converging at the mouth, 
about which they unite to form a ring-like area. They are bordered on either side 
by lappets and tentacles. 

The epithelium lining these grooves is greatly thickened. The constituent 
supporting and sense cells, as well as the nerve fibrillar layer, have already been 
described. 

Below this epithelium there is found in many species a schizoceele cavity, and 
always a water vessel which leads out from a ring canal about the mouth. 

As the body cavity between the wall of the intestinal canal and the body wall is 
traversed in all directions by connective tissue strands, it is often scarcely recog- 
nizable as such, and in some places the distinction between the body wall and the 
connective tissue strands can hardly be made out. But all the subdivisions into 
which the body cavity is broken up are lined with enterocele epithelium. 


BODY CAVITY. 


In the recent crinoids the development of mesenteries, bands, and septa travers- 
ing the body cavity and serving to hold the internal organs in place has been carried 
to such an extreme that the body cavity as a whole has vanished, and there is only 
to be found a system of intercommunicating canals, which collectively are the 
remnant of the original body cavity. 

In /socrinus decorus the body cavity within the calyx has entirely disappeared. 

In Neocomatella pulchella, as in all the large species of the Comasteride, the 
number of these bands and septa is very great, so that the body cavity is enormously 
subdivided. These bands, of all sizes, form a maze of fibrous branches on all sides. 
and are attached some to the intestinal wall, others to the body wall. 

Pigment and calcareous concretions occur in the bands, and in the species of 
the genus Antedon, though rarely, sacculi. 

These bands are covered (that is to say, the remnants of the body cavity are 
lined) with a very fine epithelium of flattened cells the oval nuclei of which stand 
out prominently in the flattened celi body. Within the bands themselves are found 
wandering cells lying in the gelatinous ground substance between spindle and star- 
shaped cells. 

A cross section of an arm shows a continuation of the body cavity as at first 
three canals, a dorsal and two ventral or subtentacular canals, which are separated 
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from each other by a septum within which runs the canal containing the 
genital rachis. 

At the base of the arm somewhat different conditions are found. A section 
through the first brachial shows the ventral canal without a median septum, while 
the septum between it and the dorsal canal is much thickened and is traversed by a 
large number of intercommunicating cavities, of which one contains the genital 
cord. Passing outward along the arm these last mentioned cavities decrease 
gradually in number until finally only the genital canal is left. 

The dorsal canal in Antedon mediterranea is much broadened in places, while in 
the vicinity of the interbrachial musculature it expands dorsally so as to frequently 
come, furrow-like, within a short distance of the dorsal nerve cord. Similar swell- 
ings are also found in Heliometra glacialis, but in this species are more complicated 
in structure, the cells of the dorsal furrows being thickened and bearing long cilia. 
Septa often appear, which cut off this ciliated furrow from the remaining portion 
of the brachial extension of the body cavity, and as often vanish, so that all the 
cavities in the arms (with the exception of the water vessels and the small subneural 
schizoceele canal) are intercommunicating. 

In Heliometra glacialis the epithelium lining all these cavities presents a very 
varying aspect. It reaches its greatest development in the ciliated grooves. In 
the section lying dorsally its cells are smaller and more flattened, while in the inter- 
communicating canals, between the dorsal and ventral canals, it is composed of 
flattened cells without cilia. 

It is from the sections of the dorsal canal furnished with ciliated grooves that 
the dorsal canals of the pinnules, which bear the ciliated sacks, arise. 


ALIMENTARY CANAL, 


P. H. Carpenter observed that both in Antedon and in Heliometra the gullet 
runs downward and backward, trending slightly to the left. When it has reached 
the bottom of the visceral mass the intestine turns to the right and coils around 
its anterior side until it has reached the hinder part of the disk behind the com- 
mencement of the first coil where it turns upward and slightly forward, to end 
in the anal tube. The descending portion of the fore-gut is comparatively short, 
and the coiled intestine into which it passes lies spread out on the upper surface 
of the radials, so that there is no general dilatation of the gut at the bottom of 
the cup as in the pentacrinoid. 

He found that in the majority of the Comasteridx the digestive tube proceeds 
directly downward to a point somewhat behind and to the left of the center of 
the disk, and then commences to wind. Its direction, as in the endocyclic species, 
follows the hands of the clock when seen from the ventral side, but there are four 
coils instead of one. The first coil occupied the extreme edge of the lowest part 
of the disk, and consequently passes in front of the mouth so as to appear beneath 
it in longitudinal section. The second coil passes immediately behind it and is 
followed by two more in an ever-narowing but ascending spiral which terminates 
in the more or less central anal tube, which is often some little distance in front 
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of the point where the lowest part of the long gullet turns off to enter the great 
exterior coil. The walls of this long digestive tube are but slightly plicated. 

Histologically the digestive tube has been studied in greatest detail by Hamann. 

The epithelial lining of the gullet, which passes over uninterruptedly at the 
mouth and anal openings into the general epithelium of the body wall, and on 
longitudinal sections through the mouth opening is seen to be continuous with 
that of the ambulacral furrows, is composed of hair-like cells 0.1 mm. in length, 
of which the nuclei lie inwardly, toward the middle, or even at the bases. Egg- 
shaped gland cells 0.1 mm. long, the contents of which remain unstained, lie toward 
the lumen of the tube, while at the base of the epithelium there runs a nerve 
fibrillar layer. 

When the cells are isolated it is easily seen that the fibers traversing the nerve 
layer at right angles are basal processes from the supporting cells. The basal 
processes from the other cells are much finer, break off easily, and behave like 
the nerve fibrillee between which they can be followed. 

Below the epithelial layer there is a scarcely perceptible layer of connective 
tissue, and in the gullet beyond this a well-developed ring muscle layer which is 
overlaid by the ceelomic epithelium. 

The muscle layer is only recognizable in the commencement of the gullet 
where the epithelium passes over from the disk into the lumen. 

The nervous layer becomes less and less noticeable as the distance from the 
mouth increases, and in the hind-gut can not with certainty be demonstrated. 

Excepting within the anal tube, the cells of the whole alimentary tract glisten. 
There is no cuticular lining. The cilia are attached to the ends of the cells by 
short foot pieces. 

While about the commencement of the gullet the muscle fibrille are in several 
layers and form a more or less well-developed sphincter, about the remaining por- 
tions of the gut there is only a single layer, which in Antedon is difficult to demon- 
strate, though in the larger types easily seen. 

In longitudinal section the anal tube is seen to be a cylinder, more or less 
swollen in the middle. In its formation the body wall, as well as the gut itself, 
participates, the epithelium of each section passing over into that of the other at 
the anal opening. 

Within the anal tube the wall of the gut is connected with the body wall 
through connective tissue cords or septa at regular intervals. These have collec- 
tively a definite order and structure which is the same in all comatulids. 

The wall of the rectum is composed of the same layers as the rest of the gut, 
but these are here differently developed. The epithelial lining is provided with 
cilia only in the lower half. 

While the connective tissue layer increases in thickness distally, the epithelial 
layer correspondingly decreases, and in the terminal section in no way differs from 
the epithelium of the body wali into which it passes over at the anal opening, 
like the latter merging insensibly into the connective tissue layer beneath it. 
Gland cells are here present in large numbers. If the gut is fully extended longi- 
tudinal plications or folds are seen to extend from the anal opening about halfway 
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to the base. The connective tissue layer, about 0.1 mm. thick, is composed of 
spindle-shaped and star-shaped cells. In Antedon there is no calcification. The 
muscular layer is developed in the form of a strong sphincter. 

The cords which establish the union between the gut and the body wall within 
the anal tube are composed of connective tissue which outwardly passes into the 
cutis and inwardly into the connective tissue layer lying in the gut wall just 
beyond the ring muscle. 

Nerve branches proceed from the mesodermal oral nervous system and from 
the lateral nerves of the water vessels and enter the connective tissue layer of the 
anal tube, innervating partly the skin and partly the musculature. 

The histological structure of the gut is the same in all the comatulids in which 
it has been studied. 

In the young of Antedon bifida Sir Wyville Thomson described a “ primitive 
liver” which has not been mentioned by subsequent writers. 

Speaking of the adult Antedon bifida, W. B. Carpenter states that in the 
thickened disk which surrounds the mouth, formed at the junction of the perisome 
of the oral disk with the wall of the alimentary canal, he detected a series of 
cecal tubuli opening into the commencement or esophageal portion of the alimen- 
tary canal. He suggests that these may have a salivary function. He also sug- 
gests that the peculiar gland-like character of the plicated portion of the wall of 
the inner side of the horizontal coil of the alimentary canal seems to render it 
probable that it performs the function of a liver. 

Doctor Mortensen found that in Votocrinus virilis the walls of the intestine 
are greatly folded, a complete labyrinth of folds appearing on removal of the 
skin of the ventral side of the disk. The folds are not confined to the ventral side, 
although most strongly developed there. A reticulate connective tissue, contain- 
ing no calcareous deposits, fills the interstices between the folds. 


CHAMBERED ORGAN. 


The chambered organ lies in the central cavity of the centrodorsal and is 
completely incased by the nerve fibrillee which collectively form the central organ 
of the dorsal nervous system. 

Hamann, studying especially Veocomatella pulchella, has worked out the struc- 
ture of the chambered organ in great detail. He finds it to be the same in Veocoma- 
tella pulchella, Comatula rotalaria, Comanthus parvicirra, Antedon mediterranea, 
and Heliometra glacialis. 

In the dorsoventral axis of the chambered organ there runs a cord which is 
a dorsalward continuation of the axial organ lying within the calyx. This cord 
is attached to the wall of the chambered organ by five radiating bands or septa, 
which thus form five separate chambers. Ventrally, these five chambers contract 
and run as narrow tubes close along the axial cord, soon ending blindly, and con- 
necting bridges appear between the five radial mesenteries; dorsally the chambers 
are in communication with the central vessels of the cirri into which derivatives 
from the five septa run as flattened median partitions. The cirrus vessels are given 
off only in the five meridians, though usually in several rows. Toward the center 
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of the dorsal portion of the chambered organ cirrus vessels are found which run 
through the centrodorsal and end blindly within the epithelium; these are the 
last traces of cirri which haye become obsolete and have been discarded. The 
median partition in each cirrus vessel is of the same structure as the septa of the 
chambered organ, with which it is continuous. It consists of a thinner connective 
tissue sheet covered on both sides with epithelium, and does not contain muscle 
fibers. 

The cavities of the chambered organ are lined with an epithelium which is 
continuous with and similar to that covering the radiating connective tissue 
septa, and which is also produced into the cirrus vessels. This epithelium is 
composed of uniform closely crowded cells 0.005 mm. to 0.004 mm. high with 
deeply staining nuclei and without cilia, which form a continuous layer. 

Perrier noticed in the cavities of the chambered organ a great number of 
free elements, very regularly spherical and staining only very faintly. He never 
found these bodies outside of the chambered organ. 

Reichensperger in his studies on /socrinus noticed these bodies and later made 
a detailed investigation of them in several species of comatulids. 

Tn all parts of the chambered organ, and only within that structure, large 
and small spherical bodies occur which show a decided partiality for certain stains. 
The small particles are composed of a fine friable substance; the larger are covered 
with the same material, some with a very thin, others with a thicker stratum. 

These spherical bodies are hollow spheres, of which the largest measure from 
6u. to 10p in diameter. They were found in all the species examined. 

Reichensperger was not able to determine the place of origin of these spheres 
but suggests that they may possibly be formed by the moderately high epithelium 
of the chambered organ, for on this epithelium lie most of the smaller bodies, as 
well as those which are more thickly enveloped in organic substance. He did not, 
however, observe actual origin from the epithelium, or any alteration within its 
cells which would suggest such an origin. The minuteness of the elements involved 
rendered determination of this point difficult. 

These bodies were found in the following material : 

Five Zsocrinus decorus, whole chambers with numerous little spheres. 

Two Comanthus bennetti, whole chambers with numerous little spheres. 

One Comasterid, species undetermined, the same. 

Six Antedon mediterranea, the same. 

Of three specimens of Antedon mediterranea which were regenerating whole 
arms one possessed a very few little spheres, the two others none at all, but instead 
there appeared in the chambered organ a network of a strongly stained substance 
resembling that enveloping the spheres. 

Reichensperger suggests that these spheres may serve to contain a reserve 
supply of limestone in a more or less concentrated solution for use in the reparation 
of the skeleton. 

The chambered organ, together with the canals which lead into the cirri, in 
the very young animal is in communication with the body cavity, of which it is 
an integral part, but from which it later becomes entirely cut off. 
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The axial cord which traverses the chambered organ emerges from it ventrally 
and continues as an irregular cord-like structure into the calicular body cavity, 
running upward between the coils of the digestive tube and ending blindly in the 
vicinity of the mouth. It does not lie in the center of the calyx, but on one side. 

The axial organ is covered on ali sides with celomic epithelium composed of 
squarish or more flattened cells. A cross section through it shows a series of 
chambers lying in a common connective tissue, which is distinct from the ccelomic 
epithelium. The nearer the sections studied lie to the ventral surface of the 
animal the more numerous are the cavities, some of which are cut across, others 
longitudinally. 

Toward the middle of the organ the diameter and the number of the chambers 
increases, from that point onward gradually diminishing again. Longitudinal 
sections show that these chambers give rise to short, blind, lateral branches, the 
greater part of which run longitudinally. Single chambers may branch out 
together from the main mass, causing the organ, originally in a single line, to 
break up into several lines. These branches are also covered with cclomic 
epithelium. 

The individual chambers are lined with an epithelium about 0.04 mm. in 
height composed of closely crowded cylindrical cells showing granular contents, 
and with the circular vesicular nuclei lying at their bases. The lumen of the 
chambers is sometimes wide and sometimes narrow, and is often filled with a 
coagulable clear fluid. 

The connective substance in which all these chambers lie is made up of clear 
ground substance which shows no calcification, and spindle or star shaped cells 
the processes of which are irregularly intertwined. 

The circumference of this organ decreases toward the ventral side, and the 
last chambers end blindly. The dorsal end dwindles away, and is continued as 
the axial cord of the chambered organ. Sections through this end portion show 
that the number of the chambers has become very small and decreases dorsally. 
The chambers are very narrow and possess an epithelial lining which differs 
from that in the chambers lying within the body cavity, being composed of lower, 
almost flattened, or cubical cells. 

The last four or five narrow little canals end blindly. The cirrus vessels are 
not processes from these canals, but arise from the chambered organ. 

According to Hamann the axial organ is a closed capsule ensheathed by fibrous 
connective tissue. The inclosed vesicles, which have no connection with the 
exterior, are shorter or longer tubes, sometimes flask shaped, sometimes club 
shaped and partially branched. 

Hamann noticed that blood lacune may be traced into the immediate vicinity 
of the axial organ, and that they appear narrowly to connect with it on the 
ventral end. The blood from these lacune can not enter the lumina of the cavities, 
but can at the most enter the connective tissue of the organ, where, however, 
Hamann has not been able to observe it. 
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Reichensperger reinvestigated the axial organ in great detail but did not 
succeed in elucidating its relation to the other organs further than to convince 
himself that it is in intimate relation with the blood lacunar system, as had been 
assumed by Ludwig and more recently reaffirmed by Chadwick. 

He found many times places where the blood vessels apparently enter directly 
into the organ itself, the thin epithelium of the blood vessels passing directly 
over into the thicker epithelium of the axial organ. In addition, he sometimes 
found in the blood vascular system the products of the cells of the axial organ, 
in the shape of rounded granules. 

That these rounded granules are the product of the cells of the axial organ 
Reichensperger believes is shown by the fact that in the places where the granules 
lie the cells have a markedly glandular character. Among other features, the 
cytoplasm shows small vacuoles. 

Chadwick noted that at the breeding season the cells of the axial organ in 
Antedon bifida loosen from their basal membrane and become amceboid. 

Reichensperger was not able to confirm this in Antedon mediterranea, although 
he was at Naples during the height of the breeding season. 


CENTRAL ORGAN. 


The central organ of the dorsal nervous system, sometimes known as the 
central capsule, is composed of a mass of nerve fibrille, in general concentric 
in arrangement, which entirely envelops the chambered organ except for a small 
area at the ventral pole where its axis passes ventrally into the axial organ. 

From the dorsal portion of the central organ, involving all of the nerve fibrillar 
layers, arise radially the envelopes of parallel nerve fibrille which ensheath 
throughout their whole course the tubular extensions of the cavities of the cham- 
bered organ into the cirri. 

Above these, with their bases in contact all around the central organ, are 
given off the five large and stout primary nerve branches which, narrowing and 
passing diagonally upward, almost immediately divide, the two resultant halves 
of each diverging widely and merging with the similarly diverging halves of the 
two adjacent to form, within the radials, the secondary nerve trunks which become 
the dorsal nerve cords, or axial cords, of the arms. 

The inner fibrille of the central organ, which lie directly upon the chambered 
organ, run concentrically, this arrangement being interrupted only at the bases of 
the cirrus vessels. Those of the cortical layer are for the most part concentric, 
but their arrangement is very irregular at the bases of the cirrus nerves. 

The fibrillae of the five nerve masses which form the five primary nerve trunks 
are parallel. 

Large ganglion cells are especially numerous on the dorsal side of the central 
organ at the base of the cirrus nerves, and where the five primary nerves arise, 
and these still further interrupt the normal concentric course of the fibrille. 


CIRRUS NERVES. 


Each of the tubular vessels which run from the chambered organ into the 
cirri is ineased all along its course by an investment of parallel nerve fibrille 
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which forms a stout envelope all about it, being of greater thickness than the 
diameter of the vessel itself. 

In cross section ganglion cells are seen which are mostly bipolar and. lie 
either peripherally or scattered between the fibrille; they are arranged in definite 
groups. 

Within each cirrus segment, as within each brachial and pinnular, four 
nervules are given off from the main stem at opposite corners; these innervate 
the ligaments between the segments and the outer layers of the segments themselves. 


BRACHIAL NERVES. 


Nerves of the division series. 


Each half of the five primary interradial nerve stems, which divide imme- 
diately upon leaving the central organ, joins within the calcareous substance 
of the radial the adjacent half of the neighboring primary stem to form one 
of the five secondary interradial nerve stems. Very shortly after this union the 
five secondary nerve stems are connected all around the calyx by an intraradial 
commissure, which is pentagonal in form. 

From the radials the secondary nerve stem passes as a single cord through 
the IBr,; but on entering the IBr, (axillary) it divides into a right and left 
branch, these two branches running to the center of the right and left distal 
faces of the axillary. Just before leaving the axillary the two branches are con- 
nected by a transverse commissural band of fibrille and by a chiasma formed by 
two obliquely placed bands which cross one another and, joining the opposite 
branches at the ends of the transverse commissure, furnish additional communi- 
cation between the right and left branches. 

Every subsequent division series reduplicates the conditions found in the IBr 
series, and every subsequent axillary contains a similar transverse commissure and 
chiasma. 

The branches of the secondary nerve stems leave the axillaries as single cords 
and, gradually decreasing in size distally, pass along the dorsal side of the 
undivided arms in tubular channels perforating the brachials as the axial nerve 
cords of the arms. 

Finer structure of the brachial nerves. 

The nerve cords which emanate from the central organ are throughout their 
whole length solid and approximately circular in section. In Antedon mediter- 
ranea the diameter of the primary nerve stems is 0.2 mm., that of the two deriva- 
tives of each of these which unite to form the axial cord of the arms 0.1 mm., 
and that of the branches forming the chiasma 0.62 mm. 

The fibrille of the dorsal nerves are exceptionally fine and run everywhere 
parallel to each other and closely appressed. The short bundles of fibrillz which 
form the chiasma in the IBr, (axillary) pass each other in the center, almost at a 
right angle, without intermingling. 3 

About the periphery the nerve cords are studded with large, mostly multi- 
polar, ganglion cells; these are abundant dorsally, forming a sort of peripheral 
capping, and occur irregularly in the central portion. 
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Small bipolar cells are also present, uniformly distributed. 

Though large multipolar cells are abundant at the ends of the commissures, 
there are few ganglion cells in the chiasmas. 

In glycerine the nerve fibrille appear finely granulated and possess strong 
refractive power. Generally speaking, they are uniform in thickness, about 0.001 
mm. in cross section. 

Two entirely distinct kinds of ganglion cells are found among these nerve 
fibrille, small bipolar cells 0.003 mm. long irregularly distributed between the 
fibers, and larger, mostly multipolar, cells which are either spindle shaped 
(bipolar) or very irregular. The size of the latter is difficult to give, for the cell 
body may be much elongated; according to Hamann, they vary between 0.007 mm. 
and 0.02 mm. Reichensperger says that, including their processes, they vary from 
36 p by 10 p to 65 p by 10 yu. Their vesicular necleus is oval and almost always 
shows a prominent nuclear body and a fine, more or less diffused, network of chro- 
matin threads. The cytoplasm stains very deeply and appears granulated, the 
granulations being traceable to the extreme ends of the processes. 

While the smaller ganglion cells are scattered everywhere in great numbers, 
the larger, less numerous, chiefly lie on the surface of the fibrillar bundles, being 
especially abundant about the base of the lateral nerve branches, particularly at 
the chiasma which is formed at the commencement of each pinnule nerve. In the 
arms they may pass deeply into the nerve cord and there form a longitudinal 
band which often makes the cord appear as if divided into two halves by a median 
septum. 

The processes of the ganglion cells ramify and penetrate the fibrillar bundles. 


Branching of the azial cord in the arms. 


In the middle of each brachial there is a swelling of the axial nerve cord, and 
from this swelling four stout nerve branches arise with laterally and dorsally a 
few weaker additional branches between them. 

The individual nerve branches leaving the mid-brachial swelling in part pene- 
trate far into the interior of the nerve mass of the central cord, and they are bound 
together at the base by commissures. 

Of the four chief nerve branches the two dorsal penetrate the calcified 
substance of the brachials and reach the epithelium; the two ventral pass to the 
interbrachial muscles, the ventral epithelium, and the pinnules. 

Hamann has worked out in Heliometra glacialis the ramifications of the two 
dorsal nerve branches. Shortly after their origin these divide dichotomously, 
and each of the resultant twigs divides in the same way. This process continues 
until each nerve presents the appearance of a widely branched tree of which the 
trunks are the original dorsal nerve branches and of which the outermost twigs, 
composed each of a few fibrillee, enter the body epithelium. 

The ultimate divisions of these dorsal nerve branches, composed of small 
bundles of nerve fibrillx, lead to specialized groups of epithelial cells. The cylin- 
drical or more or less flattened epithelial cells in these groups are more crowded 
than usual, so that the nuclei appear more numerous. They taper toward their 
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bases and are produced into extremely fine fibers which are in connection with 
the nerve fibrille. These specialized groups of epithelial cells are found on the 
dorsal and lateral surfaces of the brachials and pinnulars. Hamann found them 
most easily demonstrated in Heliometra glacialis. 

The two ventral branches ramify in exactly the same way. One of them, 
alternately the right and the left, enters the pinnule, in which its course and its sub- 
division exactly duplicate that of the axial cord itself within the arm. After 
very numerous divisions these ventral branches resolve themselves into fine twigs, 
some of which reach the body epithelium, in the ambulacral lappets and on the 
ventral portion of the arm generally, while others, radiating out brush-like into 
single fibrille, enter the ventral interbrachial muscles. 

In Heliometra glacialis Hamann found in the portion of the aa cord 
traversing the muscular articulations between each pair of brachials ganglia 
composed of a number of unipolar cells, each with a globular body 0.01 mm. by 
0.02 mm. in size containing a clear vesicular nucleus with a nuclear body, which 
taper into a strong process penetrating the nerve mass in which it radiates out 
like a brush. The ganglia have not been described in Antedon. 

In those portions of the calcareous ground substance which border immediately 
upon the ligament masses of the muscular articulations, the articulations between 
the cirrus segments, the syzygies and the synarthries lie numbers of the so-called 
pear-shaped cells which give off at the small end often several processes pentrating 
far into the fiber mass. The cytoplasm, including that of the finest divisions 
of the processes, is very finely granulated. Reichensperger suggests that the 
occurrence and strong staining of these granules recalls Nissle’s bodies. 

These pear-shaped cells were first described as ganglia by Perrier. His suc- 
cessors either doubted their nervous nature or failed to ascribe to them any definite 
function until very recently Reichensperger, studying the question anew, was able 
to confirm Perrier’s interpretation of them. 

According to Reichensperger the only difference between these cells and the 
ganglion cells of the axial cord lies in their stronger microchemical reaction, and 
perhaps also in their more branched processes. The latter are also more or less 
isolated, while these are massed, lying generally in pairs on the bows of the 
dorsal ligaments. 

In Antedon they recede somewhat from these bows, and the nerve twigs 
therefore lie finely divided below them instead of above. 

The processes of the pear-shaped cells are not united with cells, but run 
between the ligament masses and surround single bundles. The connection 
between these pear-shaped cells and the axial nerve cord of the arms was worked 
out in detail by Reichensperger. 

Just within the anterior and posterior border of each brachial there run out 
from the axial cord nerve branches comparable to the nerve branches in the middle 
of each brachial, but very much finer. These divide almost immediately and, 
ramifying in a plane at right angles to the axial cord, resolve themselves into 
extremely fine fibrillar bundles, which unite with the terminal layer of pear- 
shaped cells. In a normal adult but few ganglion cells are found at the base 
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of these branches from the axial cord. In the regenerating animal the nerve 
elements are mostly in continuity with the processes of the pear-shaped cells, but 
in the normal adult it appears more as if the fibrille ran upon the cells and 
surrounded them. 

In Heliometra glacialis Hamann was able to trace the single unpaired nerves 
which unite the dorsal axial cord of the arm with the paired longitudinal nerves, 
one of which runs on either side of the water vessel. These nerves run undivided 
in a nearly straight line. Like the other nerve branches, they are composed of 
parallel unbranched fibrille the multipolar ganglion cells of which lie peripherally 
or more or less within the nerve mass. 

The structure of the axial cord of the arms and of its derivatives appears 
to be practically identical in Comatella nigra, Comanthus parvicirra, Tropiometra 
picta, Antedon bifida, A. mediterranea, A. adriatica, Heliometra glacialis, and 
Tsocrinus decorus. Most of the finer work has been done on Heliometra glacialis 


on account of its large size. 
WANDERING CELLS. 


In intimate connection with the elements of the mesodermal nervous system 
and of extreme importance in regeneration are the large wandering cells, which 
were first differentiated from ganglion cells by Hamann, and later described in 
detail by Reichensperger. 

These wandering cells are very much more numerous in Antedon and /socrinus 
than in any of the Comasteride. In Antedon they often form a complete sheath 
about the central organ in the centrodorsal, as well as about all the nerve cords 
radiating therefrom and their branches, occurring as isolated cells to the outermost 
fine twigs. They also are found, though usually somewhat less abundantly, in 
connection with the ventral nerve cords. 

The wandering cells occur in every conceivable form; they may be almost 
spherical, elongate oval, or elongate to wormlike; sometimes they have three or 
four processes. In the resting condition their contents are either homogeneous, 
or they show in the feebly stained cytoplasm masses of fine darker and lighter 
irregular granules and rods. The nucleus is not very large, stains moderately, 
and almost never exhibits details. 

The size of the wandering cells can be only approximately given; according 
to the amount of elongation they vary from 34). by 2p to 52 by 1.5 p. 


VENTRAL NERVOUS SYSTEM. 


The ventral nervous system, which is intimately connected with the dorsal 
but entirely distinct from the epithelial nervous system, centers in a pentagonal 
circumoral nerve ring, oval in section and about 0.03 mm. in dorsoventral diameter, 
which lies in the cutis on the same level as the circumoral canal of the water 
vascular system. 

This nerve ring gives off a very large number of branches. Radiating inward 
are branches leading to and entering the tentacles; outwardly on either side of the 
radial water tubes there runs a longitudinal branch, 0.02 mm. in diameter, and 
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this pair of branches divides and enters the arms, subsequently dividing in such 
a way that a similar pair of nerve cords is always found in the ventral perisome 
above the water vessel which traverses each arm and pinnule. In addition to these, 
Hamann usually found branches, commonly two, between each two radial water 
vessels leading outward and ramifying into the skin in every direction as far as 
the border of the disk and giving off strong nervules which ramify in the connective 
tissue of the mesenteries, bands, and septa traversing the body cavity, where they 
are met with everywhere. Derivatives from this circumoral pentagon innervate 
the epithelium of the madreporic or calicular pores. 

From the two ventral nerve cords accompanying the water vessel of the arms 
and pinnules arise a number of fine branches which run to the musculature of the 
water vessels and their ramifications in the tentacles, and a branch which runs 
along the connective tissue of each tentacle to its tip. The sense papille of the 
tentacles are innervated by branches from this ventral nervous system, the fibrille 
from the epithelial nerve plexus being only of secondary importance. 

Throughout the length of the arms and pinnules an intimate connection is 
maintained between this system of paired ventral cords and the axial cord of the 
dorsal portion, the latter sending out in the middle of each brachial at the point 
of origin of the pinnule nerve and opposite it connectives which unite it alternately 
with the right and left cords of the ventral system; the length of these connectives 
in Antedon mediterranea is 0.82 mm.; furthermore, the peripheral branches of the 
two systems are in union with each other. 

These nerves and their branches are all compact and solid in their structure, 
like those of the dorsal nervous system. Large bipolar and multipolar ganglion 
cells resembling those of the dorsal nervous system occur, for the most part lying 
peripherally, with some scattered through the fibrillar mass, especially along the 
two main branches in the arms. 


INNERVATION OF THE TENTACLES. 


The epithelium on the side of the tentacles toward the ambulacral groove is 
greatly thickened, equaling in thickness that of the ambulacral groove itself. 
According to Hamann, its height in Heliometra glacialis is 0.08 mm. It is com- 
posed of epithelial sense cells intermixed with supporting cells. 

This epithelium, together with its papille, is innervated by a lateral branch 
from the epithelial nerve of the adjacent ambulacral groove, which can be traced 
nearly to the tip of the tentacle. 

The epithelium on the outer side of the tentacle is innervated by a lateral 
branch from the adjacent longitudinal cord of the ventral neryous system, which 
may be followed to the tentacle tip. 


NEURILEMMA. 
In Heliometra and in Antedon the only structure which might possibly be 


interpreted as a neurilemma is the uncalcified connective tissue layer about the 
axial nerve cord of the arms in which wandering cells occur here and there in 
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large numbers. The branches arising from the axial cord appear never to possess 
a sheath of any land. 

In Tropiometra carinata (or picta) Hamann found that a very different con- 
dition obtains. While in Antedon it is only with certain reservations that we 
can speak of a connective tissue sheath about the nerve stems, Z'’ropiometra 
possesses a very thick and dense neurilemma which is best developed about the 
cirrus nerves and least developed on the periphery of the central organ. 

In a cross section of a cirrus nerve the larger part is occupied by the neuri- 
lemma, the smaller by the nerve itself, from which alone the nerve branches are 
seen to arise. 

The neurilemma is composed of two different portions; for the most part it is 
made up of fibers and cells lying very close together in the ground substance. 
This fibrous part is separated from the nerve fibrille by a membranous sheath 
which incloses the fibrille and extends outward into the fibrous portion as a 
network. The neurilemma is sometimes sharply differentiated from the ground 
substance of the ossicles, and sometimes passes directly into it. 

About the axial cords of the arms the neurilemma forms only a thin sheath, 
but it passes directly through these cords as a longitudinal dorsoventral partition. 

The nerve branches given off from the axial cords are inclosed in a neurilemma 
for only a short distance, and their branches are quite unsheathed. 

The structure of the neurilemma about the axial cords is the same as that 
of the neurilemma about the cirrus nerves, but the former is never so highly or 
perfectly developed as the latter. 

It is possible that the extraordinary toughness of the species of this genus, as 
contrasted with the brittleness of the species of the Antedonide, and the conse- 
quent relative infrequency of regeneration processes, may in part account for the 
presence of a strongly developed neurilemma, or rather that the necessity for 
frequent reparation of lost parts in Antedon and Heliometra may have resulted 
in the reduction of the neurilemma in those forms. The great reduction in size 
of the chambered organ in 7’ropiometra as compared with Heliometra may pos- 
sibly be correlated with the high state of development of the neurilemma in the 


former. 
PPITHELIAL NERVES. 


The epithelial nerves are composed of a continuous layer of nerve fibrille, 
which, truly epithelial in position, run between and at right angles to processes 
from certain of the columnar epithelial cells forming the floor of the ambulacral 
grooves of the disk, arms, and pinnules, sending out branches to the tentacles and 
converging with the ambulacra to the mouth, thence passing inward under the 
epithelium of the esophagus and of the digestive tube and, rapidly diminishing 
in importance, following the further course of the latter as a very slightly 
developed fibrillar layer. 

No true circumoral ring is formed by this nervous system, for all the fibrille 
converging from the ambulacral grooves maintain their original relative direction 
so that about the mouth a funnel-shaped nerve sheet is formed, composed of 
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parallel fibrille passing downward along the sides of the funnel instead of passing 
concentrically around it. 

Wherever, as on the oral pinnules and distal extensions of the arms and 
pinnules in Heliometra glacialis and other types, on the genital pinnules of certain 
of the Charitometride, and on whole arms, and even whole post-radial series in 
certain of the Comasteride, the tentacles and ambulacral epithelium are absent, 
the epithelial nerves are also absent. 

The fibrille composing the epithelial nerves are exactly like the fibrille of 
the dorsal and ventral nervous systems, and may be at once differentiated from 
the connective tissue elements by their strong refractive power. Scattered among 
them are multipolar and bipolar ganglion cells of which the cytoplasm is often 
scarcely perceptible. 

The connective tissue lamella described by Ludwig and others between this 
nerve layer and the epithelium of the ambulacral grooves appears to be the 
processes of the supporting cells. 

P. H. Carpenter believed that the epithelial nerve band was united with a 
fibrillar plexus from the axial cords which he traced into the connective tissue 
of the perisome forming the ventral surface of the disk; but at present the opinion 
is that there is no connection between the epithelial and either division of the 
mesodermal nervous systems. 

The epithelial nerves appear to be identical in all the comatulids which up 
to the present have been studied. 


PUYSLOLOGY OF THE CRINOIDAL NERVOUS SYSTEM. 


In order to determine the functions of the different portions of the nervous 
system of the comatulids a considerable amount of experimental work has been 
done by W. B. Carpenter, Perrier, Jickeli, and A. Milnes Marshall, especially 
by the first and last. 

The results of this work have been thus summarized by Professor Marshall: 

All parts of the surface of the animal are sensitive, but in very unequal 
degrees. Irritation of the dorsal surface of the calyx causes only slight move- 
ments of the arms, unless the irritation is severe or prolonged. Irritation of the 
dorsal or lateral surfaces of the arms, where the integument is very thin, causes 
flexion of the arms, with extension of the pinnules close to the irritated spot. 
The response is usually prompt, but the movement is only slight. Prolonged or 
more violent irritation causes exaggeration of the movement, together with approxi- 
mation of the adjacent arms toward the irritated arm as though to remove the 
source of irritation, and in some cases active movement of the whole animal in a 
direction away from the irritated arm. 

Irritation of the ventral surface of the disk between the ambulacral grooves 
causes movements of the arms, but not nearly such active movements as when 
the oral pinnules are touched. 

The epithelium of the ambulacral grooves is extraordinarily and exceptionally 
sensitive, and the response to stimuli is very definite. The slightest irritation 
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causes instantaneous movement of the four or five pairs of pinnules immediately 
adjacent to the irritated spot, the pinnules being folded alongside the ambulacral 
groove so as to close it in and grasp the needle or other source of irritation. If 
the stimulus be continued the arm is actively flexed and the adjacent arms applied 
to it as though to remove the source of irritation. The communication between 
the sensitive surface of an arm or pinnule and the motor mechanism of all the 
arms is not effected by the epithelial band, and is not affected by its destruc- 
tion. Experiments yield identical results in eviscerated and unmutilated indi- 
viduals. Marshall believes that the epithelial nerves form a special part of the 
nervous system connected with the ambulacral epithelium and the water vessels. 

Irritation of a pinnule causes, according to the degree and duration of the 
stimulation, movement of the pinnule, movement of the whole arm, approximation 
of the adjacent arms to the affected one, or active movement of the whole animal 
away from the source of irritation. 

Irritation of the oral pinnules causes immediate and very active flexion of 
all the arms, resulting in closmg them in over the disk. 

Irritation of the central organ, whether mechanical or chemical, causes strong 
flexion of all the arms, which persists as long as the stimulation is continued. 
Dr. W. B. Carpenter found that sudden and consentaneous flexion of the arms 
follows irritation of the central organ from the oral surface, while Professor 
Marshall found that swimming movements quite as often result. The latter 
believes that the slight difference may be accounted for by the oral pinnules being 
accidentally irritated in some of the experiments, for if these be clipped off 
swimming movements of the arms almost invariably follow irritation of the central 
capsule from above. 

Mechanical or chemical stimulation of the axial cord in the stump of an 
amputated arm causes violent and repeated flexion of all the arms; stimulation 
applied to other parts of the cut end produce but very little effect. Destruction 
of the axial cord causes the arm beyond that point to coil spirally and to remain 
so coiled regardless of the movements of the rest of the arm or of the animal. 
Stimulation of the distal portion of an arm in which the axial cord has been 
destroyed causes active movements of the irritated arm as far as the injury, but 
no movement whatever either of the proximal portion of the injured arm or of any 
of the other arms. The epithelial nerves under the ambulacral grooves, however, 
continue to respond to stimuli in a perfectly normal manner. If the axial cord 
be divided in two places, stimulation between the two wounds causes movements 
of that part of the arm only. 

Thus the axial cord furnishes the sole afferent communication, as well as 
the sole motor communication, between the arms and the central organ, and 
between different parts of the same arm. Destruction for some distance of the 
soft parts of the ventral surface of an arm does not affect, either in eviscerated 
or in unmutilated individuals, the movements of the animal on either side of the 
destroyed portion. 

The central organ is in direct physiological communication with the muscles 
of the arms, and experiments yield identical results whether performed on eyis- 
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cerated or unmutilated specimens, proving that the epithelial nerve plexus forms 
no part of the central mechanism. ‘The removal of the central organ completely 
destroys the coordinating mechanism between the arms as tested by (1) the power 
of executing the normal swimming movements, and (2) the power of righting 
itself when inverted, both of these powers being permanently destroyed by the 
operation. But the central capsule does not form the sole physiological con- 
nection between the axial cords of the several arms, for experiments show a physio- 
logical connection through the intraradial commissure. Destruction of the pen- 
tagonal commissure as well as of the central organ destroys the physiological 
connection between the arm pairs, but does not disturb the connection between 
the two arms of each pair. Eviscerated individuals yield the same results as 
unmutilated specimens. From the results of his experiments Marshall was led 
to believe that the transverse commissure in the [Br axillary furnishes the real 
physiological connection between the two arms of each pair, and that the chiasma 
(the two crossed intraaxillary connectives between the axial cords of each arm 
pair) is connected with the alternating movements of the two arms of each pair 
which occur in the act of swimming. 


INTERBRACHIAL MUSCLES. 


The interbrachial muscles of the comatulids appear on the ventral surface 
of the arms from the radials outward as yellow or lighter or darker brown 
bundles of fibers which form, according to their location, narrowly oblong, wedge- 
shaped, irregularly elliptical, more or less rhombic, or semicircular masses with 
the longer axis extending, usually more or less diagonally, quite across the arm, 
and the shorter, parallel to the direction of the fibers, stretching between the 
narrow ventral extensions of the brachials which form the muscle plates. In 
species in which, as in the smaller Antedonidx, the ventral perisome is thin and 
more or less transparent, the muscle bundles, owing to their relatively dark color, 
are usually easily visible through it; in others, as the larger Comasteride, in 
which the perisome is thick and opaque, they are hidden from external view. 

The individual fibers are more or less band-like, usually elliptical in cross 
section, and are arranged in groups with their broader sides in contact. They 
are easily separated, and the myofibrillar bundles of which each fiber is composed 
are easily broken apart. 

Bosshard found in fresh teased preparations and in longitudinal sections 
through the ventral arm muscle of Antedon smooth fibers, fibers with distinct 
longitudinal striping, and fibers with double diagonal striping. 

Reichensperger found that, after being subjected to a somewhat complicated 
staining process, the sarcoplasma of the muscle fiber (the isotropic substance of 
Bosshard) shows a yellow or reddish coloring, and wound about it spirally are 
the sharply outlined dark threads of contractile substance, the myofibrille. 

The course of these spiral threads differs according to the state of contraction 
of the muscles. If the fiber is very strongly contracted they run almost parallel 
transversely across the muscle, though a state of such strong contraction is very 
rare in Antedon and was not observed by Bosshard. In the same muscle mass he 


MONOGRAPH OF THE EXISTING CRINOIDS. 337 


found smooth longitudinally striped fibers and double diagonal striped fibers 
mixed. The double diagonal striping he interpreted as a contraction phenomenon, 
for on arm sections in which the fibers were stretched he found only fibers uni- 
formly longitudinally striped, while on sections of arms very strongly flexed ven- 
trally he found almost exclusively fibers with a strong diagonal striping, those 
most flexed having the fibers with the closest spirals. In contrast to Bosshard, 
Reichensperger was never able to find the smooth type of fiber. 

Reichensperger states that the anisotropic substance of the fibers (composing 
the dark lines) forms only a single spiral system; the appearance of a crowded 
double diagonal striping is due to the striping on both sides of the fiber being 
visible at the same time. The dark stripes appear to be present only in the outer- 
most layer of the muscle fibers. 

Apart from the spiral bands the muscle fibers in longitudinal section appear 
homogeneous, without a cortical layer or similar structure. 

In a cross section through a muscle fiber, which gives a circular or more or 
less elliptical figure, numerous muscle ribs are seen, which appear as more or 
less elongate wedge-shaped or triangular areas with the smaller ends or apices 
directed toward the center. The number of these ridges is seldom very high, 
mostly under 20, and never exceeding 25. They are embedded in sarcoplasma 
and are separated by moderately large spaces. If the muscle is relaxed the central 
clear space is moderately extensive; in contraction the form of the individual ribs 
becomes markedly triangular, and they elongate inward so that the central space 
becomes small, and in a state of especially strong contraction almost disappears. 

The ribs consist of a matrix in which the myofibrille lie embedded, mostly 
in two, rarely in three rows, in general along the edges, the median portion remain- 
ing free. 

Bosshard describes the nucleus of the the muscle fiber as situated on the side, 
externally, and as being long and elliptical, commonly surrounded by a somewhat 
lighter granular zone over which the sarcolemma, not always easily visible, extends. 
The sarcolemma is often somewhat raised in the region of the nucleus, while over 
the remainder of the fiber it clings closely to the contractile substance. 

Hamann believes that not one but several nuclei belong to each fiber. He 
describes them as elongate-oval in form and as lying at approximately equal 
intervals on the outer surface. He says that in Heliometra glacialis these nuclei 
are very large; in Antedon mediterranea they are slimmer and smaller; in the 
latter the longest fibers in a state of weak contraction are 0.5 mm., the nuclei being 
0.04 mm. in length. 

Reichensperger says that the single nucleus occupies a position on the border 
of the clear central area within the fiber. 

On the insertions of the fibers compact plates are developed in which no 
details can be made out. These adapt themselves to the contour of the meshes 
in which lie the skeletal parts. From the more intensive staining of these plates 
and of the adjacent ligamentous portion of the fibers it appears almost as if a 
special substance was secreted to form the attachment. 
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In the ground substance of the skeleton adjacent to the attaching plates of 
the muscle fibers Reichensperger found peculiar crescentic or semicircular cells 
with large, deeply staining nuclei, which give off from the two ends complicated 
ramifying processes running fiber-like in various directions, some of which accom- 
pany the muscle fibers for a short distance. 

Reichensperger believes that these may be specially differentiated connective 
tissue elements which aid in strengthening the part to which the muscles are 
attached. They have nothing to do with the innervation of the musculature, which 
is accomplished by a ventral branch from the axial cord that in the form of 
extremely fine twigs penetrates the muscle bundle from the side and runs up on 
the fibers. 

Muscle fibers similar to those just described occur in Jsocrinws and in the 


Comasteride. 
EPITHELIAL MUSCLES. 


In the walls of all the water vessels very numerous muscle fibers are found, 
most of which run parallel to the axis of the vessels, a few traversing the lumen. 
These are connected with the epithelial cells lining the water vascular canals. 

The true epithelial cells are cubical; but connected with each of them and 
running longitudinally along the wall of the canals or across the lumen is a short 
spindle-shaped muscle fiber, terminally pointed, which in Antedon mediterranea 
measures from 0.02 mm. to 0.03 mm. in length, but scarcely half of that if strongly 


contracted. 
LIGAMENTS. 


The so-called ligaments uniting the pinnulars and cirrals, occupying the inter- 
articular and dorsal ligament fosse of the muscular articulations, as well as the 
paired fosse of the synarthries, binding the syzygial surfaces together, and in 
the stalked crinoids uniting the columnals, are all of the same nature. In the 
muscular articulations a differentiation has usually been made between the liga- 
ments occupying the interarticular ligament fosse and the ligament pit in the 
dorsal ligament fossa, and those of the rest of the dorsal ligament mass; but this 
division can not be maintained histologically. 

In life the dorsal ligament mass is white and glistening, and the interarticular 
ligament masses in reflected hight are bluish with a marked mother-of-pearl luster. 

The interarticular ligament masses are much tougher than the others, and 
resist the action of caustic longest. 

The fibers of the dorsal ligament are almost always bowed outward, away 
from the axis of the arm. 

In the interarticular ligaments the individual fibers are much more slender 
and noticeably shorter than those in the dorsal ligament. Stout and slender fibers 
are here intermingled so that a felt-like appearance is produced. 

Jickeli was the first to indicate that the so-called ligaments between the 
cirrals are not of a purely elastic nature. He had noticed that the cirri are capable 
of active movement. 
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Perrier refers to the ligament masses as true muscle, calling them hyaline 
muscles in contrast to the brown ventral muscles which he designates as refractive 
muscles. 

Hamann and Reichensperger followed Perrier, while Bosshard reverted to the 
earlier conceptions of J. Miiller and the Carpenters, who considered the ligaments 
as merely elastic tissue. 

The detailed structure of the ligaments is most readily understood when taken 
up in connection with their development. As this has only been worked out in 
regenerating pinnules and arm tips the discussion of this part of the subject will 
be reserved for the section on regeneration (p. 429). 

There is no connection whatever between the fibrille of the ligaments and the 
organic base of the skeleton. 

The rich innervation of the ligament masses, as well as the difference in stain- 
ing properties, show conclusively that they are not of a connective tissue nature. 
Reichensperger believes that this innervation should be interpreted as showing 
that the ligament masses, especially of the syzygies, which are composed of liga- 
ments alone, are predetermined foci for autotomy. 

Often, especially when the ventral musculature is fully extended, remarkable 
wave-like figures appear in longitudinal sections through the dorsal ligament mass 
which distantly resemble the so-called contraction knots in smooth muscle cells. 
The staining of the knots approaches that of true muscles, while the intermediate 
regions take the usual stain of the dorsal ligament. 

There is a slight difference between the staining properties of the interarticular 
ligament masses and the fibers in the pit just beneath the center of the transverse 
ridge in the dorsal ligament fossa, and those of the dorsal ligament bundles and the 
ligament bundles of the synarthries and syzygies, and in these places the ligament 
bundles are more closely packed together, but no other difference between the 
ligaments of these regions can be found. 

Microscopically it is seen that the syzygies usually tear apart across the middle 
of the fibers and seldom in the region of the loops. Apparently as a result of 
stimulation of the nerves a sudden over-contraction of the fibers occurs, and these 
part more or less in the center. 

Autotomy takes place very quietly, without convulsive movements. Reichen- 
sperger doubts that, as has been suggested, autotomy can follow mechanically from 
a rolling up of the arms. 

Autotomy is frequent at the synarthries between the elements of the IBr 
series, as well as between the first two brachials. 

At muscular articulations it is in the highest degree exceptional. When 
it occurs the dorsal ligament first tears across, and later the ventral muscles are 
ripped apart. The broken surface presents a confused mass of ligaments and 
muscles, and regeneration is somewhat less prompt than after fracture at a syzygy 

The ligaments in the Comasteride and in /socrinus are identical with those 
in Antedon. 
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The structure of the ligaments in the columnal syzygies in /socrinus is identical 
with that of the brachial syzygies, though here the ligaments are shortened to a 
minimum and the various elements are more difficult to demonstrate. 

In the column of /socrinus the pear shaped ganglion cells occur in only limited 
numbers, except at the syzygies. The ligaments of the internodes mostly run 
through several columnals and are very deeply embedded in the calcareous sub- 
stance. Between the syzygies the column is very tough, and broken surfaces always 
show fragments of the adjacent ossicles. Only at the syzygies does a smooth break 
occur. 

Reichensperger comes to the conclusion that the fiber bundles of the dorsal and 
interarticular ligaments in the muscular articulations, and of the syzygies and 
synarthries, possess primitive muscular attributes and are to be interpreted rather 
as a primitive type of muscle than as pure connective tissue. But, as he says, 
additional investigation, especially along physiological lines, is needed to settle 


the question. 
LIGAMENTS IN THD CIRRI. 


The movements of the cirri have been mentioned by many observers, und 
it is clear that the ligaments uniting their segments must be capable of independent 
movement; but they agree in every respect with those in the dorsal and inter- 
articular ligament bundles of the muscular articulations, and with those in the 


syzygies and synarthries. 
WATER-VASCULAR SYSTEM. 


‘The water-vascular system consists of a ring canal about the mouth, running 
beneath the ambulacral depression, and vessels radiating from this which run 
out under each ambulacral groove, following its course onto the arms and pinnules. 

Attached to the ring canal is a row of little tubes which open into the body 
cavity, and which collectively are the equivalent of the so-called stone canal of 
the other echinoderms. 

A madreporite comparable to that of the starfishes was described in Antedon 
mediterranea by Delle Chiaje, but it turned out to be a convex parasitic worm of 
the genus Myzostomum. Communication between the body cavity and the exterior 
is maintained by a variable number of pore canals, or calyx pores. Carpenter 
notes that the early pentacrinoid larva has but one of these, situated in the same 
interradius as the fore gut; in the later stages of pentacrinoid life and in the 
young Antedon just free from the larval column there are five, one in each inter- 
radius; while in the adult Antedon bifida there are about 30 in each interradius, 
and in Heliometra glacialis the number becomes still larger. Ludwig estimates 
that there are 1,500 in the ordinary adult Antedon mediterranea. 

The calyx pores occur on the oral surface of the disk and on the lateral 
surface of the arms as far as the second brachial. Except in the immediate 
neighborhood of the mouth they are less abundant in the anal interradius than 
elsewhere, and though they sometimes occur on the sides of the disk they never 
extend far down toward the dorsal side. When the disk is plated the pores may 
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be scattered singly in individual plates, or they may be grouped, several to a single 
plate. 

Carpenter has noticed that in the Comasteride the calyx pores are generally 
situated in the immediate neighborhood of the ambulacra, and the greater part 
of the disk which is occupied by the large anal interradius is almost entirely free 
from them. They are not necessarily limited to the disk, for they may also be 
found on the lower parts of the arms and also on the proximal pinnules. In 
both cases they open near the genital canal. In a few cases Carpenter found calyx 
pores on the middle and later pinnules of the arms; these open into the genital canal 
of the pinnule, according to Carpenter, close to the point where it arises from 
that of the arm. 

The calyx pores are the external openings of minute canals which are lined 
with columnar epithelium, and expand almost immediately into ampulla-like en- 
largements, which traverse the body wall as wider canals of uniform width, lead- 
ing into the outer chambers of the restricted body cavity. The epithelial lining is 
composed of closeiy crowded ciliated cells which have deeply stained oval nuclei. 
These cells are 0.01 mm. high, and bear cilia 0.02 mm. in length, which in Antedon 
mediterranea entirely fill the lumen of the ampulla-like swelling, the latter being 
0.06 mm. in diameter. In life the cilia beat inwardly, according to W. B. Car- 
penter. At the inner end of the calyx pores the ciliated epithelium passes gradually 
over into a low flat pavement epithelium, which again transforms into the epi- 
thelium lining the body cavity. On the oral side of the disk the inner end of the 
canal often bends at an obtuse angle, so that the canal does not traverse the body 
wall perpendicularly. There are no calyx pores on the arms beyond the second 
brachial. On the arms the pore canals open into the genital canal or into the 
cavities around it and in communication with it, which are extensions of the 
body cavity. 

The radial vessels of the water-vascular system, which underlie the ambulacral 
grooves of the disk in the comatulids, arise from the angles of the pentagonal dorso- 
ventrally flattened water-vascular ring as single trunks situated beneath the median 
line of the ambulacra. In addition to these five main radial branches the cireum- 
oral water-vascular ring gives off small branches to the oral tentacles. 

In /socrinus decorus and in Endoxocrinus wyvillethomsoni there is a radial 
extension of the labial plexus of the blood-vascular system in this position, and the 
two trunks which ultimately unite to form the single water vessel of the ambulacrum 
are thus kept separate for a considerable distance, 1.5 mm. or more, from the edge 
of the peristome; that is to say, the circumoral water-vascular ring is markedly 
stellate, instead of simply pentagonal, as in the comatulids. 

Neither the oral ring nor the radial water vessels have any ampulle connected 
with them, though, as suggested by Ludwig, these are perhaps represented by the 
small lateral pouches of the radial vessels which are opposite the tentacular 
branches and are crossed by muscle threads, while the function of the ampulle may 
be also in part performed by the muscle threads which cross the lumen of the water 
tubes everywhere. 
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P. H. Carpenter noted that the presence of tentacular branches from the water 
vessels is invariably correlated with the presence of an ambulacral groove on the 
ventral surface of the arms and pinnules. If this remains undeveloped not only 
are the ambulacral epithelium, nerves, and blood vessels absent, but, since there are 
no tentacles, the water vessels are simple tubes without lateral extensions. 

This condition may occur in a majority of the arms and the corresponding 
portions of the disk in many of the species of the Comasteride, in a variable num- 
ber of the lower pinnules in certain of the Comasteride and Charitometride, and is 
found in the proximal pinnules of most comatulid types. 

On the other hand, P. H. Carpenter noticed that in Metacrinus the ambulacral 
grooves, and with them the water vessels of the large basal pinnules, may arise 
directly from the primary ambulacra of the disk, or even from the peristome itself. 

In a cross section of an arm one sees in the floor of the ambulacral groove the 
high epithelium of thread-like cells, between the basal processes of which run the 
epithelial nerve fibrille; beneath this epithelium with its nerve fibrillar layer lies 
a thin connective tissue layer in which a schizoceele cavity can be made out: and 
just below this lies the water vessel, giving off at intervals to right and left smaller 
vessels to the tentacles. The water vessel often lies so closely to the schizoccele 
cavity in the connective tissue layer just above it that the partition separating 
them appears merely as a thin membrane of firm consistency. The water vessel 
and the overlying structures maintain the same relationships on the disk. 

The water vessels are lined with a low epithelium composed of cubical cells. 
Each cell of the external layer under the epithelial nerve is prolonged into a muscle 
fiber which runs parallel to the axis of the vessel, and is therefore an epithelial 
muscle cell. 

These epithelial muscle cells have been found by Hamann in Comatula rota- 
laria, Comanthus parvicirra, Tropiometra picta, Antedon mediterranea, and Jso- 
crinus decorus. In Antedon mediterranea the height of these cells is 0.003 mm., in 
the tentacles 0.004 mm. ‘They bear no cilia. 

An exceedingly fine membrane ensheathes the water vessels. 

The lumen of all the water vessels is traversed by muscle fibers, and there are 
also longitudinal muscle fibers attached to the epithelial cells. 

The canals which open into the chambers of the body cavity from the circumoral 
canal are in Antedon mediterranea 0.002 mm. in diameter. They are circular in 
cross section and are composed of three layers, a layer of ciliated epithelium lining 
the inner cavity, a thinner connective tissue layer, and an external epithelium, 
which at the openings passes over into the ciliated epithelium. The inner layer is 
composed of cells the nuclei of which are elongated oval in form; they possess so 
little cytoplasm that in a section the layer appears as a closely crowded layer of 
nuclei. The length of these canals in Antedon mediterranea is 0.2 mm. 

At their free ends these canals are almost always bent; their mouths are funnel- 
shaped, and the same in 7'ropiometra picta as in Antedon mediterranea. The cilia 
are always very finely preserved. The thin connective tissue layer in their walls 
shows no trace of calcification. 
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Carpenter notes that in a large comatulid like eliometra glacialis these canals 
may be found depending from the bases of the radial vessels beneath the middle 
line of the ambulacrum in the first two or three sections beyond the edge of the 
peristome. 

In Jsocrinus and Endowocrinus the middle line of the ambulacrum near the 
peristome is occupied by the blood vascular plexus, which has a water vessel on 
either side of it, and the water tubes extend outward in a radial direction as long 
as the water vessels remain double. They may extend for a distance of more than 
3.5 mm. from the peristome. They coil around, as it were, the subambulacral 
plates to open below into the upper part of the cireumvisceral celome. When, 
however, the radial extensions of the labial plexus gradually thin out and the two 
lateral water vessels unite into a single median trunk, the water tubes become less 
numerous and are only found in the first two or three sections beyond the point of 
union. They are thus really in the same position as in the comatulids, if we con- 
sider the double water vessels as expressing extensions of the water vascular ring in 


the direction of the rays. 
BLOOD-VASCULAR SYSTEM. 


The blood-vascular system of the crinoids is very highly developed, though 
the blood vessels themselves are nothing more than intercommunicating cavities 
or gaps in the connective tissue of the mesenteries, bands, and cords, which in all 
directions traverse the body cavity, Since the individual bands and cords have 
for the most part a small diameter, while the cavities in their connective tissue 
in which the blood circulates may be extraordinarily expanded, the former are 
sometimes reduced to the condition of a thin sheath inclosing the blood lacune. 

On a series of horizontal sections through the calyx a more or less regular 
column of recurring lacune may be made out. In Antedon mediterranea above 
the approximate middle of the calyx there appear large lacune, 0.1 mm.- in 
diameter, which are concentrically arranged about the axial organ, between this 
and the outer coil of the digestive tube. In the upper part of the calyx there are 
equal sized lacune, concentrically arranged, which give off large branches irregu- 
larly on all sides. Surrounding the esophagus there lies a mass of very small 
lacune. 

The lacune of the bands and cords of the body cavity are in communication 
with others in the wall of the digestive tube. The bands and cords themselves 
pass over into the wall of the intestine, their connective tissue layer as well as 
their epithelial investment merging into that of the gut wall. 

The lacune of the body cavity are not continued into the arms. The so-called 
radial vessels in the arms, according to Hamann, are not blood lacunx and are not 
connected with the blood lacunar system. 

A connection between the blood lacune and the axial (glandular) organ is 
present in that the connective tissue wall of the latter is continued into the cords 
and bands in which the blood circulates. 

All these blood lacune have the same structure. A section through a mesen- 
tery containing a blood vessel shows externally the ccelomic epithelium which 
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Fics. 710-733.—DIsks OF VARIOUS COMATULIDS. 710, ZYGOMETRA ELEGANS. 711, ZYGOMETRA COMATA, 


712. EvprIocrInus ORNATUS. 713. HIMEROMETRA MARTENSI, 714. HIMEROMETRA ROBUSTIPINNA. 715. 
HIMEROMETRA MAGNIPINNA. 716, CRASPEDOMETRA ACUTICIRRA (FROM SypNry, NEw SourTH WALES). 
717. CRASPEDOMETRA ACUTICIRRA (FROM SINGAPORE). 718. HETEROMETRA CRENULATA. 719. DicHRo- 
METRA FLAGELLATA. 720, LAMPROMETRA PROTECTUS. 721. MARIAMETRA MARGARITIFERA. 722. MARIA- 
MBETRA SUBCARINATA. 723, SAME. 724. PONTIOMBTRA ANDERSONI. 725. SAME, DETACHED, LATERAL VIEW. 
726. STEPHANOMETRA MONACANTHA, 727. COLOBOMETRA VEPRETUM. 728. COLOBOMETRA DIADEMA. 1729, 
SIX-RAYED SPHCIMEN OF TROPIOMETRA PICTA FROM RIO DE JANEIRO WITH ALL AMBULACRA SIMILAR. 
750. SAME, WITH ADDITIONAL RAY INSERTED BEHIND LEFT POSTERIOR. 731. SAMB. 732. SAMB, WITH 
BILATERALLY SYMMBPTRICAL DISK. 733, SAME, WITH ADDITIONAL RAY INSERTED BEHIND RIGHT POSTERIOR, 
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incloses all the organs in the body cavity, and within this a connective tissue layer 
of variable thickness in which cells with fibers may appear. There is no true endo- 
thelium. Though in Heliometra glacialis the connective tissue cells bordering the 
lumen may be flattened here and there, such cells never form the entire lining. 

The contents of the blood vessels consist of a finely granulated coagulable 
fluid which rarely shows cells. It is difficult to demonstrate the existence of this 
fluid in the connective tissue layer of the digestive tube, since the latter is always 
but very slightly developed. 

Sea water has access to the various subdivisions of the body cavity through 
the calyx pores, but is entirely excluded from the blood-vascular system; the latter 
has no connection whatever with the water-vascular system. 

The blood-vascular system of Heliometra, Isocrinus, and such species of the 
Comasteride as have been studied is exactly like that of Antedon. 


LABIAL PLEXUS AND SPONGY ORGAN. 


P. H. Carpenter termed that part of the blood vascular system, composed 
of very small lacune, which lies about the esophagus the labial plexus. Vogt and 
Perrier described this labial plexus as spongy tissue with branched vessels. 

In Promachocrinus kergquelensis, Heliometra glacialis, and Solanometra ant- 
arctica Carpenter found that a portion of the labial plexus between the mouth 
and the anal tube differs very considerably in structure from the rest of this organ. 
The limits of this portion appeared so well defined, and it differed so much from 
the remainder of the labial plexus, that Carpenter proposed to designate it by 
the name of spongy organ. As described by Carpenter, the spongy organ lies 
between the mouth and anus on the left or “eastern” side of the esophagus and 
therefore is slightly nearer to the left posterior than to the right posterior ambu- 
lacrum. In its most fully developed condition, only found between the mouth 
and anus, the spongy organ is a somewhat egg-shaped mass, consisting almost 
entirely of a delicate network of connective tissue with more or less open meshes. 
The latter are rather wider in Promachocrinus than in any other crinoid which 
Carpenter examined. The trabecule forming its outer portion are much more deli- 
cate than those nearer the surface, and Carpenter was unable to find that they 
possessed any epithelial covering. The surface of the organ is more compact, with 
larger trabecule and generaly smaller meshes which are lined with epithelial cells, 
being, in fact, the ends of those blood vessels forming the labial plexus which are 
connected with the spongy organ mostly, if not entirely, on its ventral side. 

Carpenter notes that the spongy organ of Heliometra glacialis is more com- 
pact than that of Promachocrinus, but is similarly situated in the space left by 
the incomplete adhesion of the visceral and parietal layers of the peritoneum, being 
suspended in this space by threads of connective tissue. It is practically the direct 
backward continuation of the labial plexus at the eastern angle of the mouth, 
where it is much more largely developed than on the opposite side. The relatively 
thick epithelial walls of the vessels gradually disappear as they enter the spongy 
organ, while the latter in turn passes insensibly backwards into the plexus of 
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vessels in the upper surface of the visceral mass from which are derived both the 
intervisceral vessels and the genital vessels of the two posterior ambulacra. 

Hamann considers the differentiation of the labial plexus and the spongy organ 
from the remaining portions of the blood vascular system impracticable and 
unnecessary. 

SCHIZOCGELB CAVITIES. 

In the crinoids beneath the ambulacral groove of the arms and pinnules and 
just below the epithelial nerves there runs a slitlike canal which may, though 
very rarely, be made out as traversing the disk and forming a ring around the 
mouth. 

In Antedon mediterranea Hamann found that this schizoccele canal runs out 
into the arms as a constant structure. It may be closed here and there through 
the contraction of the musculature of the water vessels in the ambulacral groove, 
for just as soon as the water vessels become narrowed through the action of the 
transverse muscle fibers the schizoceele canal vanishes. When the water vessels 
are thus contracted the epithelium of the ambulacral grooves is not so much arched 
as normally, forming instead, as seen in cross section, a straight line. The schizo- 
ceele canal may also be closed by the movements of the arms. 

In Antedon mediterranea the longitudinal schizocele canal of the arms appears 
in cross section as an oval cavity of small size, 0.04 mm. to 0.09 mm. in diameter 
according to Reichensperger, and on well-preserved sections of the pinnules as 
well as of the arms it can regularly be made out. 

In Heliometra glacialis it has a diameter of 0.1 mm. It is slitlike to circular 
in cross section, according to the state of contraction of the musculature of the 
water vessels. 

In large species like the latter the schizoceele canal, according to Hamann, 
shows an endothelium of flattened cells 0.01 mm. in height, the nuclei of which 
project into the lumen, making it evident that the cavity can not be an accidental 
gap in the connective tissue layer beneath the epithelial nerve, but must be instead 
a true and permanent cavity. 

Reichensperger, however, was unable to convince himself of the existence of 
the lining of flattened cells described by Hamann. 

P. H. Carpenter notes that the schizocele canals are large in Heliometra 
glacialis and in Comatella nigra. In the latter they are sometimes triangular in 
section with the apex pointing downward, so as to be received into a strongly 
marked concavity in the upper edge of the water vessel; but in Heliometra glacialis 
and in most other types their section is more or less lenticular, though sometimes 
triangular with the apex projecting upward toward the epithelial layer above, and 
so rendering the ambulacral nerve thinner in the middle line than in its more lateral 
portions. He further remarks that the cellular lining of these radial canals is 
much more delicate than that of the intervisceral blood vessels and is not easy 
to make out. 

Ludwig found that the schizocele canals in the arms of Heliometra glacialis 
are sometimes divided into two parts by a vertical septum which has a distinctly 
cellular covering. 
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Figs. 734—-757.—_DISKS OF VARIOUS COMATULIDS. 





734. PECTINOMELRA FLAVOPURPUREA. 735. PECTINOMETRA 


MAGNIFICA, 736, SAMB, DETACHED, LATERAL VIEW. 737, CALOMETRA SEPARATA. 738. PTILOMETRA 
MULLERI, WELL PLATHD. 739. SAME, UNPLATED. 740. Samp. 741. SAME, WITH FEW PLATES ON BASB 
OF ANAL TUBF. 742. SAME, WITH PLATHS ON ANAL TUBE AND ALONG AMBULACRA. 743. STYLOMETRA 
SPINIFERA. 744. DAIDALOMETRA ARACHNOIDES. 745. PARAMETRA ORION. 746. CRINOMETRA MARGA- 
RITACEA. 747. ANTEDON PETASUS. 748. ANTEDON BIFIDA. 749. HATHROMETRA TENELLA. 750. MAs- 


TIGOMETRA FLAGBLLIFERA. 752. THYSANOMETRA TENELLOIDES. 753. ERYTHRO- 


751. DOROMETRA NANA. 752. 
METRA RUBER. 754. ZENOMETRA COLUMNARIS. 755, COCCOMETRA GUTTATA. 756. COCCOMETRA HAGENII, 
757. ANTEDON ADRIATICA. 
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Carpenter not infrequently found in the disk of the same species that the 
lumen of the canal may be crossed in various directions by delicate threads, with 
nuclei in them, which resemble the nucleated muscle threads in the water vessels, 
but are much finer and less refractile. 

Hamann believes that the canal in which the genital tube les may possibly 
be a schizoceele canal. It is lined with a flattened endothelium, the cells of which 
in size and appearance resemble connective tissue cells. This endothelium is 
only feebly developed and may be partially deficient. In any case, the cells are 
to be differentiated markedly from the cells which line the canals of the arms. 

Ludwig and P. H. Carpenter considered the schizoceele canals of the arms 
the radial canals of the blood-vascular system. 

Perrier denied their existence altogether. 

Hamann says that these cavities are not connected with the blood lacunar 
system, and are usually filled with a clear fluid like that of the body cavity. 

Reichensperger at first considered the schizoceele canals as blood vessels, fol- 
lowing Ludwig and P. H. Carpenter. Later he admitted that the contents of 
these cavities indicate that they undoubtedly perform the functions of blood 
lacune, since no other cavities of the arms contain so many lymph cells, which 
are inclosed in typical blood channels. 

He now considers that, although on account of their origin and form, and 
on account of the absence of a uniform endothelium, they can not be considered 
as normal blood vessels, the schizoccele canals are in reality blood vessels derived 
through what are primarily schizoccele structures. 


CILIATED EPITHELIUM OF THE AMBULACRAL GROOVES. 


The ciliated epithelium of the ambulacral grooves is composed of two kinds of 
cells, epithelial sense cells, and supporting cells, the former in the majority. Both 
types bear cilia which are attached to the slender cell body by foot pieces. 

The epithelial sense cells are fine and almost hairlike. The spindle-shaped 
cell body, inclosing an elongate-oval nucleus which shows a distinct network, is 
produced outward into a fine process of variable length on which a cilium stands; 
inwardly it is produced into a fine extension, sometimes swollen here and there, 
which may be followed into the nerve layer. 

The supporting cells, possessing also elongate-oval nuclei which appear to stain 
less deeply than those of the sense cells, are produced interiorly into stout hyaline, 
strongly refractile processes. 

The epithelium lining the depression about the mouth opening is a continuation 
of the epithelium of the ambulacral grooves and is composed of the same elements. 
Near the ends of the arms and pinnules this epithelium disappears. 


CILIATED SACKS. 


Under the name of ciliated sacks Ludwig described in the dorsal wall of the 
extension of the body cavity into the pinnules sacklike invaginations grouped 
in each pinnule segment which are lined with ciliated epithelium. 

Hamann studied these structures in detail in Comatula solaris, Comanthus 
parvicirra, Antedon mediterranea, Heliometra glacialis, and Isocrinus decorus. 
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In sagittal sections of the extension of the body cavity into the pinnules the 
circular openings of these sacks are visible, surrounded by a swollen border. 
Sometimes these openings are large, sometimes contracted; in the latter case the 
organ has a spherical appearance. 

In Heliometra glacialis a structureless membrane separates the sacks from the 
surrounding connective tissue. The epithelium lining the organ consists of high 
cells which become flattened at the bottom of the sack and do not bear cilia. In 
the upper part and about the opening the epithelium is greatly thickened, the cells 
becoming more or less filiform with the oval nuclei, which lie in a swollen area, 
sometimes nearer the base, sometimes nearer the summit. The long cilia are 
attached to the cells by short foot pieces. 

In Comanthus parvicirra Hamann found these organs mostly in the form of 
closed sacks, 0.05 mm. long and 0.04 mm. broad. Their structure was essentially 
the same as in Heliometra glacialis, but at the bottom there were lower cells and 
on the sides and about the opening longer ciliated cells. 

In /socrinus decorus they also form closed sacks. 

In Antedon mediterranea they occur in large numbers. They have the same 
structure as in Heliometra glacialis, but the ciliated cells run deeper into the cavity, 
which beyond them is lined with cubical cells without cilia. 

These organs Hamann found to be best developed in Comatula solaris. In 
this species they lie closely massed in rows so that on a cross section through a 
pinnule eight or more are cut through. 

The ciliated sacks serve to impart motion to the fluid of the body cavity. 


AMBULACRAL MUCUS CELLS. 


In 1902 K. C. Schneider first described in Antedon mucus-producing cells, 
which he found scattered between the supporting and sense cells of the ambulacral 
epithelium. 

These were subsequently studied by Reichensperger, who found them every- 
where present in the ambulacral grooves of the disk, as well as in those of the arms 
and pinnules, not only of Antedon mediterranea but of Jsocrinus and of such of the 
Comasteride as he examined as well. 


SACCULI. 


Figs. 1817-1321, pl. 46. 


The sacculi are small, spherical bodies, easily visible under a hand lens, 
ranged in an evenly spaced continuous row along either side of the ambulacral 
grooves of the disk, arms, and pinnules. In the genus Anfedon, and probably also 
in other types, they occur in the walls of the digestive tube. P. H. Carpenter 
found them in the lowest part of the cup of a larva with five cirrus stumps, just 
above the chambered organ; but in other species he notes that they are either 
entirely absent, or are invariably limited to the immediate neighborhood of the 
water vessels. 

In life the sacculi are colorless, but in preserved specimens they are, as a rule, 
conspicuous as blackish, dark red, greenish, purplish, or yellow dots. 
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Carpenter has noted that in those species in which the ambulacra are plated the 
sacculi are lodged between the successive side plates, the anterior edges of which 
are notched for their reception, while they occupy small pits in the large plates 
which cover the genital pinnules. 

In general, it may be said that sacculi are more abundant in shallow than in 
deep water species, and they are of more uniform occurrence in the Macrophreata 
than in the Oligophreata. They appear to be absent from the species of the family 
Comasteride, excepting only Comatonia cristata. 

Bury thus describes the structure of the sacculi. Each sacculus is a spherical 
body bounded by a thin membrane in which are embedded a few flattened nuclei. 
The interior of the sphere is more or less filled with a number of pyriform sacks, 
each of which is, in its turn, filled with highly refractive spherules and is bounded 
by a membrane continued at its inner end into a long thread which joins the wall 
of the sacculus. 

The refractive spherules have, at any rate in some cases, a definite arrange- 
ment around a central cavity. The spherules, which are spherical when isolated, 
are evidently much compressed within the sacks. 

The greater part of the sacculus is embedded in the tissues, but at one point 
its cavity is only separated from the exterior by its limiting membrane. which 
here does not exhibit any nuclei. 

During life the sacculus has a swollen appearance, and its free margin fre- 
quently bulges out toward the exterior; this is due to the presence of a quantity 
of mucus between the pyriform sacks and the wall of the sacculus and, if a living 
pinnule be placed on a slide with a drop of water, this water becomes charged with 
mucus, though whether this is due to a continuous secretion or to injury Bury was 
unable to say. But any rough treatment of the pinnule leads to the escape not 
only of increased quantities of mucus but also of many of the spherule-bearing 
sacks. In spite of this it is rare to find in sections a sacculus freely open to 
the exterior, and therefore Bury supposes that there is some means of rapidly 
mending the ruptured membrane. 

According to Reichensperger’s observations the matter extruded by the rupture 
of the sacculi in the living animal consists exclusively of granules in clusters 
which, as noted by Perrier, much resemble the egg clusters. There is no mucus 
associated with them at any time—a fact which is made clear by the entire absence 
of a reaction to mucus stains. 

The sacculi of the disk, arms, and pinnules discharge their contents freely into 
the surrounding medium; those which lie in the wall of the gut, especially at the 
posterior end, for the most part discharge into the gut. After the periodical 
rupture of the wall of the sacculus and the sudden extrusion of the granular contents 
the healing of the wound resembles the healing of the orifice in the pinnule wall 
through which the eggs are extruded. In most cases in the normal Antedon after 
the discharge of the contents the capsule of the sacculus quickly shrivels, apparently 
under pressure from the surrounding tissues and from the immediate regeneration 
of the torn epithelium. Reichensperger was unable to find out what becomes of 
the remains of the capsule. In the place of the spent sacculus, or in the immediate 
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proximity, mesenchyme cells become prominent, and the formation of a new 
sacculus is begun. 

The first sacculi, five in number, appear in the Antedon larva shortly before 
the breaking through of the vestibulum. 
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Fics. 758-764.—758. DISK OF PBNTAMETROCRINUS VARIANS. 759. Disk OF THAUMATOMETRA BOREALIS. 
760. VENTRAL VIEW OF PORTION OF PINNULE OF PHRISSOMETRA SELPNE, SHOWING COVERING PLATES 
CLOSED DOWN OVER AMBULACRAL GROOVE. 761. LATERAL VIHW OF PORTION OF DRIED PINNULE OF NEO- 
METRA SPINOSISSIMA, SHOWING COVERING PLATES CLOSED DOWN OVER AMBULACRAL GROOVE. 762. ‘TOE 
OF GROUSE (BONASA UMBBLLATA), SHOWING SCUTBS DEVELOPED IN WINTER WHICH ARE SIMILAR TO 
COVERING PLATHS (DRAWING BY AUTHOR). 763. VENTRAL VIBW OF PORTION OF DRIED PINNULE OF 
COMATILIA IRIDOMETRIFORMIS, SHOWING COVERING PLATES (DRAWING BY AUTHOR). 764. LATERAL VIEW 
OF DRIED PINNULB OF COMATILIA IRIDOMETRIFORMIS, SHOWING COVERING PLATES (DRAWING BY AUTHOR). 


In describing the formation of a sacculus Reichensperger says that a limited 
number of mesenchyme cells assemble, usually forming a small spherical cell mass. 
These cells possess a circular nucleus with prominent nuclear bodies. The small 
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sphere which they form enlarges through the growth of the cells in such a way that 
a free space remains in the interior. By its growth the sacculus is shoved near 
the periphery and often causes a small external swelling. Reichensperger did not 
observe at this stage any special epithelium as described by Seeliger. 

With the enlargement of the sphere the nuclei become more indistinct and a 
nuclear body is no longer recognizable. At the same time fine vesicles appear. 
The cells have now become enlarged and elongated, so that they are somewhat 
tongue-like in shape, with the broad bases crowded together and the more slender 
distal ends projecting into the lumen of the sphere. In these slender and elongated 
portions of the cells the larger granules are found, and further increase in number. 

At a later stage certain cells everywhere on the periphery, chiefly lying toward 
the outer side, are seen to produce no granules, but to become narrower and laterally 
broader. These close together into a thin broad ring about the larger cells, en- 
capsuling them. 

At the time of the commencement of the building of the terminal thread the 
nuclei of the cells is moderately large, and in the cytoplasm can be differentiated 
thread-like cords. 

In the fully developed sacculus the granules appear as if packed together and 
lie clearly within the cell membrane, which is produced into a thread-like twisted 
point. At first they are regularly spherical, but they later become flattened on two 
or more sides and somewhat angled. 

At different developmental stages the granules show the widest variation in 
their reaction to stains. 

Speaking of the variability in the number of sacculi in different species Reichen- 
sperger says that in an apparently undescribed species of “Antedon” the sacculi 
occupy by far the largest place in sections of the arms. They lie closely together, 
separated only by a thin connective tissue layer, and are of considerable size, dis- 
placing the other organs of the arm. 

Reichensperger is undecided whether the vacuolar cell complex which Hamann 
first described in the Comasteride represents in that family the sacculi of the other 
comatulid groups. Their corresponding position in the disk and in the arms ap- 
pears to indicate it. In many sections also it appears as if they opened to the ex- 
terior through the rupture of their wall in the same way as the sacculi. 

P. H. Carpenter says that in some species of the Comasteride individual 
vesicular bodies resembling the elements of the sacculi are scattered through the 
ventral perisome, but they are not regularly arranged in groups along the sides of 
the ambulacra. 

No less than 11 more or less widely different functions have been ascribed to 
the sacculi. In chronological order they have been considered as— 

(1) Execretory organs, secreting a reddish fluid, especially at the period of 
sexual maturity (Dujardin and Heusinger). 

(2) Ovaries (Forbes). 

(3) Exeretory organs (Perrier, Ludwig, Chadwick, and Reichensperger in 
his more recent contributions). 


or 
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(4) Caleareous glands (Wyville Thomson). 

(5) Sense organs (W. B. Carpenter). 

(6) Symbiotic alge; Zoéxanthelle (Vogt and Yung). 

(7) Slime glands (Bury). 

(8) Glands producing an amorphous secretion (Hamann). 
(9) Stores of reserve material (Cuénot). 

(10) Cement glands (Seeliger). 

(11) Defence organs (Reichensperger in his earlier work). 
At the present time they are interpreted as excretory organs. 


TENTACLE PAPILLA. 


The tentacle papille consist of four or five elongated epithelial cells, with the 
nuclei in the basal portion, each terminating in a fine sense hair. 

At the base of each papilla lie usually five, exceptionally six, irregularly pear- 
shaped single-celled glands, in which a nucleus is usually visible, the extremely 
fine ducts of which, slightly broadened at the mouth, run out longitudinally between 
the processes of the elongated epithelial cells. According to Reichensperger, these 
gland cells measure in Antedon mediterranea 0.006 mm. to 0.008 mm. by 0.002 
mm. to 0.003 mm.; the length of the ducts varies according to the state of contrac- 
tion of the papille. 

Longitudinally through the center of each papilla there runs an axial muscle 
fiber bearing a prominent nucleus, which is produced inwardly into the epithelial 
muscle layer of the tentacle. 

Though the relative size varies, the structure of the tentacle papille is the 
same in /socrinus and in the Comasteride as in Antedon, and in these types also 
five is the usual number of gland cells present about their bases. 

The structure of the tentacle papille has been interpreted in a number of 
different ways, giving rise to a considerable amount of controversy. 

Wyville Thomson described them as hollow, their Jumen in communication 
with that of the tentacle. He noticed that they are arranged in three or four 
irregular longitudinal rows on each tentacle, and that they are extensible, when 
extended appearing uniform and structureless, when contracted showing three or 
four annular grooves. 

Perrier denied the existence of a median cavity in the papille in connection 
with that of the tentacles, and described in its place a glistening muscle fiber which 
is produced into the second layer of the tentacle wall. On each of the three ter- 
minal lappets he noticed an extremely fine, stiff hair, which he said disappeared 
after death. 

Ludwig described the wall of the papille as uniform and structureless. Deny- 
ing the presence of a central muscle fiber, he considered that the median axis was 
occupied by a longitudinal canal, which broadens out in the epithelial layer of 
the tentacle into a spherical cavity which is entirely cut off from the lumen of 
the tentacle. He comments upon the extraordinary extensibility of the papille, 
which in /eliometra glacialis measure when extended 0.063 mm. in length by 
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0.0045 mm. in thickness, but which are only 0.008 mm. long when contracted. 
Ludwig believed that the terminal hairs described by Perrier were nothing but 
secretion products. 

Cuénot confirmed the existence of the axial muscle fiber noticed by Perrier 
and discovered its nucleus. 

Jickeli described the papillse as composed of the extensions of three or four 
epithelial cells with nuclei at their base, the distal ends of each carrying a fine 
sense hair. He noted the existence of a slowly waving flagellum projecting be- 
tween the three or four terminal sense hairs, which he considered a prolongation 
of the median fiber described by Perrier. 

Miss Irene Sterzinger noticed mucus at the tip of the tentacles, but was not 
able to demonstrate its occurrence in the papille. 

Reichensperger, whose description of the papille is given above, found that 
the waving terminal flagellum described by Jickeli is merely an optical effect. due 
to the secretion from the gland cells escaping into the water. 

Perrier, Mobius, and Gétte considered the papille as sense, or tactile, organs; 
Ludwig, with great diffidence, suggests that they may be single-celled glandular 
organs; Jickeli denied the presence of a secretion in the papille and described 
them as purely sense organs; Miss Sterzinger suggested that the mucus glands 
in the tentacles may be connected with the procuring of food. 

Reichensperger noticed that the secretion of the glands at the base of the 
papille differs markedly from that of the epithelial gland cells, and from that of 
the cement-secreting cells, and is not of a purely mucoid nature. He believes that 

- the papille are defence organs, analogous to the nettle cells of actinians. When 
the terminal hairs are touched the papille contract, pouring out their secretion into 
the water. This secretion is of such a nature that by it large animals are prevented 
from reaching the soft parts of the animal, while small organisms, small crus- 
taceans and the like, are benumbed or killed, and subsequently carried by the cilia 
of the ambulacral epithelium to the mouth. 


DORSAL GLANDS. 


On the dorsal side of the calyx, on the sides of the arms and pinnules, and also 
beneath the epithelium of the anal tube in Veocomatella pulchella, Hamann found 
more or less egg-shaped cell groups. These groups, each composed of five or more 
individual cells, occur directly below the epithelial layer. The single cells are 
vesicular, possessing a thin membrane inclosing the clear, watery fluid which does 
not stain; a spherical nucleus is visible lying more or less centrally surrounded 
by a small amount of cytoplasm which is stretched out pseudopodia-like to the 
cell walls and holds the nucleus in position. When isolated the walls of these 
cells are often much folded. 

Similar cell groups were found in the walls of the pinnules in all the comas- 
terids studied by Hamann, but they were not met with in any endocyclic species. 
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BRACHIAL AND PINNULE CYSTS OF ANTEDON. 
Figs. 1805-1808, pl. 44. 


In 1885 P. H. Carpenter called attention to peculiar swellings which he very 
frequently observed on the pinnules, and less commonly on the arms, of Antedon. 
From their appearance Carpenter thought that possibly they were caused by 
myzostomes, and for that reason he sent a number of them to Prof. Ludwig von 
Graff for examination. 

The latter found that the malformations of the pinnules are extraordinarily 
numerous and occur on specimens of the several species of Antedon from the 
most diverse localities. Sometimes they are hardly noticeable thickenings of a 
single segment, or of two, less frequently of three, sometimes larger spherical 
dilatations toward the adambulacral side. Somewhat rarely dilatations occur 
which are really only pits surrounded by a thickened wall. On the other hand, 
there are not infrequently two or three such swellings on the same pinnule, and on 
a single arm of an example of Antedon bifida from Milford yon Graff counted 
7 of the malformations, and in all 14 characteristic swellings on one individual. 

The arm swellings are less numerous. On a specimen collected near Gibraltar 
by the Vettor Pisani three distinct deformities occur in close approximation. 
The very slight swelling of the arm extends over two segments and is tolerably 
uniform on either side. Von Graff observed, however, one-sided conical swellings 
of the brachials, sometimes combined with an enlargement of the basal segment 
of the attached pinnules. 

Von Graff opened 14 of these malformations under a lens, and, after decalcifi- 
cation, cut longitudinal sections of them, but in no case did he find a myzostome or 
any other encysted organism; instead, both in the various pinnule deformities and 
in the arm swellings, he found a rounded brown foreign body which was appar- 
ently the cause of the deformity, though he was not able to determine anything 
definitely as to its nature or origin. 

The diameter of one of these spheres, from a pinnule swelling of an Antedon 
bifida from Cumbre, was 0.3 mm. Its substance was distinctly divisible into a 
strongly refracting cortical layer and an opaque granular internal mass. The 
former was radially divided into cell-like portions, and had quite the appearance 
of cylinder epithelium both in optical section and on surface view; there was not, 
however, any sharp boundary between the outer layer and the central mass. The 
whole had thus the appearance of a superficially segmented ovum. 

These bodies sometimes lie in the center of the swollen segment in the cal- 
careous substance, or near the integument, or even embedded in the latter. In 
sections they are seen to be surrounded by a noncalcified tissue uniformly stained 
by carmine. When the body lies just below the integument the tissue is con- 
nected with the latter. 

The sections shed no light upon the nature of the included body. In a figure 
given by von Graff of one of the spheres which had a diameter of 0.26 mm. the 
cortical substance appears in part roughly divided, and in the central mass also 
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there are fine lines which suggest a similar division. When the contents are 
compressed they fall into clumps like yolk segments. 

A smaller swelling contained a single body with a diameter of 0.058 mm. in 
which no structure could be detected, and the distinction between cortical and 
central mass was less obvious. On the other hand, in three bodies which were 
contained in a larger swelling on the same pinnule, and which measured from 
0.10 mm. to 0.12 mm. in diameter, the structure described was already indicated. 

Since none of the stained preparations exhibited any trace of nuclei, von 
Graff concluded that they could not be ova. 


GENITAL CORD. 


Between the three extensions of the body cavity into the arms, the dorsal canal, 
and the two ventral canals, there lies, in the thickened partition, a longitudinal 
cavity, the genital canal, and in this lies the genital tube, which surrounds the 
genital cord. From the arms the genital tube passes into the disk, where it runs 
in a cavity communicating with the other divisions of the body cavity, and forms 
an irregular pentagon lying between the ventral integument and the digestive tube. 

In the disk the genital canal has a lesser diameter than in the arms, measuring 
only 0.02 mm., while the genital cord is 0.01 mm. thick; the latter is circular in 
cross section. 

Ludwig described the lumen of the genital tube as a blood vessel, but Hamann 
found no evidence for this view. 

The genital cord lies on the wall of the genital tube. It is composed of large 
cells, which usually entirely fill the lumen of the tube. These are the primitive 
germ cells from which in the pinnules arise the eggs and sperm. 

The cells within the genital cord are ameeboid, and often lie so thickly together 
that their borders become unrecognizable. In Heliometra glacialis they measure 
0.08 mm. in diameter. They contain prominent large circular nuclei and have a 
finely granulated cytoplasm. 

The nuclei of the cells of the outer epithelial layer of the genital tube lie so 
closely together than the cytoplasm is almost entirely obscured. The tube wall 
beneath this epithelial layer consists, according to Ludwig, of longitudinal fibers, 
and at intervals there are ring-muscle fibers. Hamann also found a thin layer of 
connective tissue. Within this is an epithelial lining, which extends over the 
genital cord. 

The genital tube is attached to the wall of the genital canal by spindle- 
shaped cells. 

The structure of the genital cord and of the genital tube is the same throughout 
their course. 

No connection between the genital cords and the axial organ has been con- 
clusively demonstrated. 

CEMENT SECRETING CELLS. 


In addition to the mucus-secreting cells of the ambulacral epithelium Schneider 


found other cells, which he described as mucus-secreting, very sparingly distributed 
in the epithelium of the ventral perisome. 
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These have been described in much greater detail by Reichensperger. 

Reichensperger found these cells only in gravid females, in the region where 
the eggs are extruded from the pinnules. He was quite unable to find them in 
males, and could detect only traces of them in unripe females. They do not appear 
to occur in /socrinus nor in any of the Comasteride. 

The cement cells are almost exclusively confined to the ventral side of the 
pinnules, occurring in a broad longitudinal band. In all probability they are 
profoundly modified epithelial cells. 

As a rule they are elongate oval, on the average 0.012 mm. long by 0.004 mm. 
in greatest breadth. The nucleus, which is small and often difficult to demonstrate, 
hes near the base. 

The eggs of Antedon, on coming to maturity, break through the pinnule wall on 
the ventral side; after fertilization they are held fast to the outer side of the pinnule 
until the ciliated larve have developed. 

On both sides of the rents in the body epithelium through which the eggs are 
extruded are numerous cement cells. As the eggs advance these cells empty almost 
their entire contents on them, which, as a thick, half-solidified gummy mass, clings 
to the egg case, roughened by numerous minute spinelets, and fastens the egg to the 
outer pinnule wall. About the eggs can be commonly seen long threads of the 
hardened secretion. This secretion must be only very slightly soluble in water, or 
it must entirely harden, for after the escape of the ciliated larva a part or even all 
of the egg case often remains for a considerable time on the pinnules. 


GHNITAL PORES OF THE MALE. 


Prof. William S. Marshall has described the genital pores of the male Antedon 
mediterranea. While working with a series of sections of a male pinnule he noticed 
a number of pores passing almost completely through the pinnule wall, which upon 
further examination were found to be present in a number of pinnules on each arm 
of the two specimens examined. As many as four pores were found on a single 
pinnule, they having, however, no very definite position other than being in the 
neighborhood of the sacculi. 

From the specimens studied he was led to believe that these pores are present in 
ripe pinnules, and that through them the spermatozoa are expelled. 

At these points the genital cord grows toward, and partially through, the wall 
of the pinnule. The fully developed and developing spermatozoa show a longi- 
tudinal linear arrangement, which is broken wherever one of the genital pores is 
developed, and at this point they pass outward to fill the pore, undoubtedly re- 
maining within it until its rupture, when they are expelled into the water. 

P. H. Carpenter has described the pores of the male in Pewcilometra acela and 
in Perissometra angusticalyz. In these species the fertile part of the gonad is 
short, thick, and rounded. It only extends over four or five of the enlarged and 
broadened pinnule segments, and is protected by a tolerably regular pavement of 
plates. At about the middle of its length one or two small conical projections rise 
from it toward the ventral surface of the pinnule. Carpenter does not think that, 
as a rule, there is more than one to each pinnule. 


142140—21—Bull. 82-——- 25 


860 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 
SPERMATOGENESIS AND THE SPDRMATOZOA, 


Prof. George W. Field gives the following account of the spermatogenesis and 
of the spermatozoa of Antedon mediterranca. For descriptive purposes he divided 
the mature spermatozoan into the following parts: 


Nuglenst eis Head proper. 
Head: Centrosome_ aie 
* \Mitosome______ 
Cell SEAL mamieelecss 
Tail. 


The nucleus of the spermatozoa of Antedon mediterranea measures in longi- 
tudinal diameter 3.3 ». and in transverse diameter 1.3 y.; the centrosome is 0.66 » in 
diameter, and the mitosome is 1.3 uw. 

The nuclei of the spermatogones in the outer zone, as seen in a section of the 
testis, usually alone of all the cells show nucleoli. 

Considering the amount of cytoplasm the nucleus is relatively large. It very 
soon begins the process by which it will ultimately give rise to the spermatozoa. 
It is divided by mitosis and forms the nuclei of two spermatocytes. The number 
of chromosomes into which the nuclein of the spermatogone collects seems to be 
from 28 to 36; in the spermatocyte, from 16 to 18. The attempt to count with 
exactness such small and numerous bodies so closely crowded together is well nigh 
fruitless. 

The dividing nucleus is seen plainly to be made up of several substances, as for 
example, nuclein, the caryoplasma, and another substance which has the appearance 
of minute granules; these evidently form the mitotic spindle. A centrosome is 
also present. 

The nucleus of each spermatocyte has the same constituent parts as that of 
the spermatogone. It divides by mitosis and forms the nuclei of two spermatids. 
The nucleus of each spermatid contains eight or nine chromosomes and caryo- 
plasma. Within the nucleus there seems to be no sign of the granules which 
formed the nuclear spindle, but these granules and the centrosome are now very 
distinctly seen to be in the cytoplasm. It should be noted that each of these 
mitoses are reducing divisions. 

With the spermatid begin those changes in the shape and constitution of the 
nucleus which are connected with the specialized form of the spermatozoon. The 
nucleus gradually changes from spherical to conical. There seems to be a change 
in the constitution of the nucleus. The chromosomes (usually 9, sometimes 8) 
can be demonstrated in the spermatids and in certain of the spermatozoa, probably 
the immature ones. But in others the nucleus remains homogeneous under the 
same reagents and conditions which demonstrate the chromosomes in the others. 
These spermatozoa with the homogeneous nuclei are the most active, and most 
frequently penetrate into the ovum. In sections of fertilized eggs the nucleus of 
the spermatozoon when in the outer zone of the cytoplasm of the ovum is small, 
dense and homogeneous; on the other hand, the nucleus which has traveled for 


some distance toward the female pronucleus is considerably larger and shows 
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eight or nine chromosomes surrounded by a lightly staining caryoplasma. Hence 
it is probable either that the chromosomes in the nucleus of the spermatozoon 
dissolve in the caryoplasma and form a denser homogeneous mass preparatory to 
penetrating the membranes and more compacted outer cytoplasmic layer of the 
ovum, or else the caryoplasma is extruded and the nucleus of the mature spermato- 
zoon consists very largely or even solely of chromosomes (nuclein) closely packed 
together. 

There is a very considerable reduction in the size of the nucleus in changing 
from that of the spermatid to that of the spermatozoon, and correspondingly an 
increase in size, with a reappearance and wider separation of the same number of 
chromosomes, after the spermatozoon in the fertilization process has passed the 
peripheral denser portion of the cytoplasm of the ovum. The question is, whether 
this change in the nucleus is merely one of density; that is, does the nucleus of 
the mature spermatozoon consist of the same quantity of nuclein and caryoplasma 
but with the nuclein dissolved in the caryoplasma, or does the caryoplasma as a 
liquid portion pass into the cytoplasm before the spermatozoon becomes fully 
mature, and after the spermatozoon has entered the cytoplasm of the egg is the 
caryoplasma restored from the cytoplasm of the egg? 

On account of the very evident alterations in size of the nucleus one is inclined 
toward the latter alternative. It seems to be a pretty good case for proving that 
an interchange of substance goes on between the nucleus and the cytoplasm, and 
that in this instance at least the substance which passes through the nuclear mem- 
brane is the caryoplasma, a liquid protoplasm. If this is the case it makes strongly 
for the view that the nuclein is the essential part, for in this case most of the male 
caryoplasma passes out into the cytoplasm of the male cell, and the caryoplasma 
is replaced by liquid from the cytoplasm of a female cell. 

In Antedon the nucleus is comparatively small; in the anterior surface, usually 
at the very apex, there is a depression into which the centrosome fits. 

Field has never seen a centrosome in the spermatogones in the outer zone— 
that is, next to the germinal epithelium. He first succeeded in finding it in the 
dividing spermatogones. At first it seemed to be within the nuclear membrane, 
but observation on this point was very difficult, and he is by no means positive in 
regard to the place or manner of first appearance. 

Field never saw in the spermatogone the actual division of the centrosomes, 
but it is probable that it occurs preparatory to the mitotic division. With the 
disappearance of the nuclear membrane the centrosomes are seen to have the usual 
position at the poles of the nuclear spindle. 

This spindle seems to be formed of those violet staining granules which are 
present in the nucleus before the disappearance of the nuclear membrane. These 
granules remain in close proximity to the chromosomes, the cytoplasm being 
entirely free from them previous to the final division which gives rise to those 
cells, the spermatids, which will become the spermatozoa. 

After the division of the nucleus of the spermatocyte into the two spermatid 
nuclei, and before the division of the cytoplasm has taken place, those granules 
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which composed the spindle fibers are seen scattered through the cytoplasm; the 
nuclei themselves, rounded up and with a nuclear membrane, are free from the 
granules. In the cytoplasm also, close beside each nucleus, remains one of the 
centrosomes which took part in the division of the cell. 

According to Field, the probable history of the centrosomes is as follows: 
The original centrosome appears first in the spermatogone and is of intranuclear 
origin. Field can not say that the centrosome is not present in the spermatogones 
while they are still close to the germinal epithelium, but he has never seen it 
previous to the disappearance of the nucleolus, and when first seen it seems to be 
within the nuclear membrane. 

In the spermatogone it divides into two, which participate in the mitotic 
division resulting in two spermatocytes. 

With each spermatocyte nucleus there is left one centrosome, which is one- 
half of the original centrosome of the spermatogone. Initiatory to the mitotic 
division of the spermatocytes, this centrosome divides into two which come to lie 
at the poles of the spindle. With the completion of this mitosis each spermatid 
contains one centrosome. Thus from the original centrosome of the spermatogone 
four centrosomes have been derived, and each of these four centrosomes comes to 
be placed at the apex of the head of a spermatozoon, and in the fecundation 
process enters the ovum with the nucleus of the spermatozoon and takes part in 
the subsequent fertilization. 

When the nuclear membrane is formed around the nucleus of the spermatid 
the centrosome is not included, but is left outside in the cytoplasm. This fact 
either points to the probability that the centrosome is extranuclear in the spermato- 
gone, or else that for some reason the condition in the spermatogone varies from 
that in the spermatid. If the latter is true, a possible explanation for this differ- 
ence may be found in the fact that with the spermatid the series of mitotic divisions 
is completed, and that subsequently the constituent parts of the cell will undergo 
an extreme modification. 

With the formation of the tail it first begins to be possible to say which part 
of the spermatid will be the anterior point of the spermatozoon. The centrosome, 
which hitherto apparently has had no special position with reference to the nucleus, 
now comes to lie close beside it, and usually directly opposite the point where the 
tail is forming. With the diminution of the cytoplasm around the nucleus the 
centrosome comes to lie in a depression in the nucleus, but remains entirely outside 
of the nuclear membrane. This condition is probably brought about mechanically 
by the pressure of the tightly drawn cell membrane which invests the spermatozoon, 
pushing the unyielding refringent centrosome into the wall of the nueleus. 

The sperm centrosome is the centrosome of the spermatid and of the previous 
cell generations, and it continues in company with the nucleus of the spermatozoon 
until the completion of the process of fertilization. 

As soon as it has passed the denser outer layer of the cytoplasm of the egg 
it draws farther away from the nucleus and the characteristic radiations appear 
in the cytoplasm. It no longer directly precedes the nucleus, but comes to lie at 
one side. 
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The very small granules visible in the nucleus before the disappearance of 
the nuclear membrane, and which later become the fibers of the mitotic spindle, 
have already been referred to, as well as the fact that after the division of the 
spermatocyte into the spermatids these granules, which were the mitotic spindle 
of the spermatogone and spermatocyte, are no longer included within the nuclear 
membrane, but are scattered through the cytoplasm. With the beginning of these 
changes which mark the transformation of the spermatid into the spermatozoon 
these granules gradually fuse into larger and larger bodies until they come to 
form in the cytoplasm a small number (from 6 to 8) of refringent spheres. 
These finally fuse into a single spherical mass—the mitosome. 

The mitosome apparently may at first take any position whatever in the 
cytoplasm, but with the formation of the tail and the consequent diminution of 
the cytoplasm in the head of the spermatozoon the mitosome soon becomes pressed 
upon by the cell membrane and is gradually drawn into the place of least resist- 
ance—that is, between the nucleus and the beginning of the tail, its normal 
position in the mature spermatozoon, where it forms the so-called “ middle-piece.” 

The tail is a round flagellum 0.2 to 0.3 yin diameter, formed from the cyto- 
plasm of the spermatid. Soon after the mitotic division of a spermatocyte into two 
spermatids the cytoplasm of the spermatid begins to form a bulging which 
increases into a large projection like an enormous blunt pseudopodium; the cyto- 
plasm continues to push or flow into this projection, and so it becomes elongated 
and flask shaped, the body of the flask consisting of a large drop of cytoplasm 
which is connected with the cytoplasm proper by a narrow neck. The continued 
lengthening of the tail takes place with the elongation and diminution in the 
diameter of the neck, together with a diminution in the size of the drop of cyto- 
plasm at the tip, as well as by a diminution of the cytoplasm which has hitherto 
remained around the nucleus and the mitosome in the cell proper. 

The tail then is the cytoplasm of the spermatid which has become modified 
in a very special way. It is possible that its violent motions in the water are 
expressions of some molecular change which the sea water brings about in the 
protoplasm of the tail, for Field has noticed that spermatozoa when first removed 
from the testis into sea water lie motionless. After a short time a slight motion 
begins, which after a few minutes increases to the normal rapid motion. 

It seems most probable that the tail is in direct continuation with the cell 
membrane which surrounds the spermatozoon. The cell membrane being morpho- 
logically but the external slightly changed cytoplasm, probably differs very little. 
morphologically not at all, from the tail, and these two—the tail and the cell 
membrane—probably pass insensibly into one another. The mode of development 
would seem to prove this. 

A delicate cell membrane surrounds the head of the spermatozoon, inclosing 
the nucleus, centrosome, and mitosome. This membrane is best seen in cases where 
from some mechanical cause a slight separation has taken place between the 
nucleus and the mitosome, this membrane in that event being stretched but still 
unbroken. It may also be seen stretching over the centrosome in cases where the 
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centrosome has been crowded out of the socket in the anterior end of the nucleus. 
Field regards this membrane as the original cell membrane which has persisted 
from the spermatid. 


GENITAL ORGANS OF ISOMETRA VIVIPARA. 


The female genital organs of /sometra vivipara have been described by Dr. 
K. A. Andersson, and to Andersson’s description Dr. Th. Mortensen has added a 
few supplementary observations. 

A cross section through a fully developed female pinnule of this species in the 
region covered by the expanded third to fifth pinnulars (to which region the 
development of the ovary and of the accessory structures is confined) shows two 
striking peculiarities: On the distal side a deep and narrow pocket with a short and 
narrow slit-like opening situated close to the ambulacral groove shows the presence 
of a brooding chamber or marsupium, which is separated from the ovary by a very 
thin membrane containing no calcareous deposits, and in the center of the ovary 
there is a special cavity for the reception and conservation of the spermatozoa—a 
receptaculum seminis. 

Except for a small canal occasionally narrowing to a small slit, which extends 
throughout its entire length, the ovary is an almost solid structure. This canal 
represents the genital tube of other crinoids, but, instead of being filled with eggs, 
it contains a variable number of spermatozoa and evidently functions as a recep- 
taculum seminis. It is provided with longitudinal evaginations which extend in 
between the eggs, so that on a cross section it appears as an irregular or star-shaped 
figure in the middle of the ovary. It reaches the outer border of the latter only in 
a very limited area, where the ovarial wall is thinnest, between the ovary and the 
marsupium, being here separated from the latter only by a single layer of cells. 

The wall of the receptaculum seminis is composed of a single layer of cells, 
which forms the germinal epithelium. 

In young ovaries, or in slightly developed portions (as, for instance, the 
proximal portion) of mature ovaries, some of the cells of the germinal epithelial 
layer are seen to be larger than the others and to be provided with large nuclei. 
These cells, which arise from the outer wall of the receptaculum seminis (repre- 
senting the genital tube of other crinoids), are small egg cells. 

In young ovaries many of the cells in the germinal epithelium are in process 
of division; between these are smaller cells, which sometimes are provided with 
long processes, which are not egg cells; in fully developed ovaries these cells are 
greatly in excess and the egg cells are very few. 

Beyond the layer of cells just described is a thick layer of connective tissue, in 
which the large eggs are embedded, and between the ovary and the genital sinus 
is a thin layer of pavement epithelium. There is no genital cavity, as in Antedon, 
Heliometra, Tropiometra, and the other comatulids which have been studied. 

As the egg cells increase in size they migrate, not into the cavity of the genital 
tube (which in this case has become the receptaculum seminis), as in other forms, 
but into its wall, into which they gradually sink deeper and deeper. They never 
entirely sever their connection with this cell layer. 
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All the eggs, the small as well as the large, are in contact with the receptaculum 
seminis through a small opening, by means of which the spermatozoa are able to 
reach them. 

In the mature ovary the ripe eggs occupy the major portion. In size they are 
about the same as those of Antedon adriatica or A. mediterranea, being 0.3 mm. 
in diameter; but an accurate statement of their size is difficult to give, for as a 
result of pressure on all sides they are usually oval or irregular in shape. 

The eggs are inclosed in a thin membrane and enveloped in a follicular epi- 
thelium with a small opening on the spot where it adjoins the receptaculum 
seminis. Andersson believes that the cells of this follicle arise from the con- 
nective tissue cells immediately adjacent to the egg. 

In strong contrast to most comatulids, in which a large number of eggs are 
matured at one time and extruded simultaneously, the ovary of /sometra vivipara 
never contains more than a few mature eggs, with others in all stages of 
development. 

As the eggs become ripe they are fertilized and extruded one by one into the 
marsupium. ‘Thus the marsupium contains most, commonly three, and never 
more than five, embryos in different stages of development. Entry into the mar- 
supium appears to be by means of slits torn in the wall by the pressure of the egg. 

In confirmation of Andersson, Mortensen states that the fertilization probably 
occurs within the ovary. He did not succeed in finding any fertilized eggs still 
lying within the ovary, but, on the other hand, he found no unfertilized eggs 
within the marsupium. 


GHNITAL ORGANS OF NOTOCRINUS VIRILIS. 
Figs. 1349-1352, pl. 55. 


In Notocrinus virilis, as described by Dr. Th. Mortensen, the genital organs 
lie almost wholly on the arms. 

The testes are enormously developed, forming two alternating rows of con- 
spicuous white bodies, closely appressed along the median line of the arm, which 
appears considerably swelled. They are about 4 mm. long and look like small 
beans. 

On their distal side, in the angle between the pinnule and the arm, there is a 
small pore, through which the spermatozoa escape. 

The testes occur from P, to P,,. 

Mortensen suggests that the large size of the testes may be accounted for by 
the fact that the spermatozoa have to find their way to the eggs in the marsupium 
through its small opening, which involves considerable difficulty. 

The ovaries, which are much smaller than the testes, about 2 mm. in length, are 
similarly situated on the arms at the bases of the pinnules, but are not in contact 
along the median line. They occur from P, to about P,,, or a little farther out in 
very large specimens. As in the case of the testes, there is no definite outer limit, 
they merely diminishing gradually in size to the twelfth or fourteenth brachials, 
beyond which point they may be continued in rudimentary form. They are 
generally slightly concave distally, where they abut upon the marsupium. 
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Mortensen believes that the eggs must break through the wall separating the 
ovary from the marsupium. He could not determine definitely whether or not a 
true opening exists, though in one instance this seemed to be the case. 


MARSUPIUM. 


In Notocrinus virilis (pl. 55, fig. 1351), according to Dr. Th. orMtensen, the 
formation of the marsupium may be studied in the younger specimens. 

The first stage is a fairly deep invagination of the skin, widened at the 
bottom. Further development consists simply of a widening of the sack, which 
ultimately covers the whole distal side of the ovary. 

At first its lumen is rather narrow, but with the development of the embryos 
it widens very considerably, so that it comes to occupy a considerably larger space 
than the ovary. 

The walls of the marsupium are at first strongly ciliated, especially in the 
middle of the bottom, where the epithelium is distinctly thickened. 

In the fully developed marsupium this thickening has disappeared, and the 
ciliation also appears to have been lost. 

The opening of the marsupium remains unaltered, a deep, narrow pore with 
a thick ciliated epithelium. This pore is situated on a fairly distinct papilla, 
which stands on a low elevation like a small mammary gland. 

Since in the males the pore is not elevated, they are easily distinguished from 
the females. 

In Thaumatometra nutriz (figs. 1232-1287, pl. 38) the marsupium is a pocket- 
like groove on either side of the genital pinnules. A section through a genital 
pinnule shows the empty marsupium as a deep, narrow-sided fold, the opening being 
a very narrow slit. On the pinnules which carry large pentacrinoids the mar- 
supium is widely opened. 

In Jsometra vivipara (fig. 1238, pl. 38), as described by Dr. K. A. Anderson, 
the marsupium is always on the distal side of the ovary, from which it is separated 
by a thin partition. 

When fully developed it is very large and contains numerous larvee in different 
developmental stages. It occupies the region supported by the third, fourth, and 
fifth pinnule segments, and to accommodate it these segments are expanded distally, 
the third and fourth very considerably and the fifth slightly, giving the pinnules 
a very asymmetrical appearance. 

The opening through which the fully developed larve escape is slitlike, situ- 
ated on the ventral side near the ambulacral groove. 

In specimens which are not sexually mature the pinnules lack the marsupium 
and are symmetrically developed. As the eggs begin to grow some small invagi- 
nations appear on the ventral side of the pinnules, one of which soon becomes 
larger than the others and forms the rudiment of the marsupium. As the eggs 
become larger this invagination increases in extent until the marsupium is fully 
formed. 
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SEXUAL DIFFERENTIATION. 


As in the other echinoderms, differentiation of the sexes is very rare in the 
crinoids, where it only occurs in those species in which the larve undergo their 
development within a brooding cavity or marsupium. 

In Notocrinus virilis (figs. 1349-1352, pl. 55) the genital organs lie almost 
entirely upon the arms, and the sexes are readily distinguished by an examination 
of their ventral surface. In the males the enormous testes, which look like small 
white beans, form two alternating closely appressed rows along the arms, while 
in the females the ovaries, which are about half the size of the testes, are similarly 
situated but are only half as large and are not in contact in the median line; the 
marsupia when fully developed cover the entire distal side of the ovary. 

In Thawmatometra nutrix (figs. 1232-1237, pl. 38), as in Notocrinus virilis, 
there appears to be no sexual differentiation in the calcareous structures. The 
females are readily distinguished from the males, however, by the marsupia, which 
occur in the form of deep pocket-like grooves on either side indifferently of the 
genital pinnules. 

In /sometra vivipara (figs. 1288-1240, pl. 38) the genital pinnules of the 
females have the third and fourth segments enormously expanded distally and 
the fifth slightly expanded, serving as a protection for the ovaries and the mar- 
supium. The genital pinnules of the males and of the immature females have the 
third-sixth segments slightly and symmetrically expanded. 

Besides these three comatulids, only 5 or 6 other echinoderms exhibit sexual 
dimorphism. 

In one or two of the spatangoids the lateral petals of the female are much 
broader and deeper than those of the male and serve as brood chambers, and in 
Anochanus there is a highly developed brood pouch. 

One of the clypeastroids has the female with the abactinal area deeply 
depressed to form a horseshoe-shaped brood chamber, which is not found in the 
male. 

In one of the holothurians the female has a peculiar brood chamber developed 
in the dorsal integument. 

In one of the ophiurans the male has five arms, while the female has from 
six to eight. 

None of the asteroids are known to exhibit sexual dimorphism. 

All of the sexually dimorphic echinoderms are from the antarctic or sub- 
antarctic seas except Anochanus, which was described from China. 


SPAWNING SEASON. 
COMATELLA NIGRA. 
A specimen of this species taken near Jolé (Sulu), Philippine Islands, on 
February 14, 1908, has the eggs apparently ready for extrusion. 
COMISSIA SPANOSCHISTUM. 


According to Dr. H. L. Clark, specimens of this species with the genital 
pinnules immensely swollen with the reproductive cells were taken in March and 
April, 1914, by the Australian fisheries steamer /'ndeavour. 
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In his description Doctor Clark confused this species with Comanthus 
tasmanice, and it is not quite clear whether the latter was also found breeding at 
that time or not. 

COMISSIA LITTORALIS. 


Anchorage off the Kawio and Kamboling Islands, Karkarolong group: On 
July 22-23, 1899, the Siboga dredged a specimen of this species in 23-31 meters 
which had seven young pentacrinoids attached to the cirri. 


COMACTINIA MERIDIONALIS. 


Yucatan: On January 30, 1885, the Albatross dredged in 21 fathoms off 
Yucatan numerous small specimens of this species which bore, attached to the 
cirri, a very large number of pentacrinoids of all ages from the prebrachial 
stage onward. 


COMANTHUS JAPONICA. 


Professor Ijima wrote, in a letter to Mr. Frank Springer, that this species 
attains sexual maturity at about the same time as Tropiometra macrodiscus— 
that is to say, in September. 

Since the summer of 1917 Mr. Furusawa has endeavored, under his direction, 
to secure the larve and pentacrinoids of this form, but so far without result, al- 
though the gonads seemed to be ripe, or nearly so. 

Experiments in artificial fertilization with artificially liberated sexual products 
all failed. 

A number of living individuals were kept in a pond and examined from time 
to time. On October 1 there occurred a violent typhoon, and since that day not a 
single individual with ripe sexual products has been found, either among those in 
captivity or among those freshly taken from the sea. It is certain that the typhoon 
caused the discharge of the sexual products. 

A year later, on February 25, 1919, Professor Ijima wrote to Mr. Springer 
that scores of Comanthus japonica had been kept alive at the Misaki Marine Sta- 
tion and continually watched to determine the spawning season, old individuals 
being from time to time replaced by animals freshly caught. It was found that 
they lived best in a boat-shaped live car containing seaweed and bamboo twigs for 
the larvee to fix upon, moored in the open water in front of the laboratory. 

During August many females were found with their pinnules swollen and 
containing nearly full-grown ova, but no ripe males were found. 

On October 14 Mr. K. Aoka, the collector at the station, discovered for the 
first time some fully mature examples. Artificial fertilization was at once resorted 
to. On October 15 Mr. Aoki reported finding larve inclosed in the vitelline 
membrane; on the 16th they escaped from the membrane and began to swim about; 
on the 17th they all attached themselves to the sides of the jars. On the 27th they 
were dying off rapidly, although the water had been changed every day, and 
apparently all development had ceased. A fresh supply of adult animals were 
obtained, but these were found to be no longer ripe. 
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It appears, therefore, that sexual maturity is reached at about the middle of 
October, and that the discharge of the sexual products takes place very quickly. 

In the case of Tropiometra macrodiscus Mr. Aoki found that the period of 
sexual maturity had passed at the end of October: 


COMANTHUS ANNULATA, 


Dr. L. E. Griffin reports that in a specimen of this species captured at Port 
Galera, Mindoro, Philippines, on May 20, 1912, spermatozoa were being given off 
from near the base of the pinnules. 


CATOPTOMETRA OPHIURA. 


In a specimen dredged in North Balabac Strait, Philippine Islands, at a depth 

of 58 fathoms, on January 5, 1909, the ovaries contained well-developed eggs. 
AMPHIMETRA SPECTABILIS. 

The ovaries of a specimen taken in Limborres Cove, Manila Bay, Philippine 

Tslands, on February 8, 1909, contained well-developed eggs. . 
AMPHIMETRA PARILIS. 

Eggs of considerable size were found in the ovaries of a specimen dredged 
near Siasi, in the Sulu (Jol6) Archipelago, Philippine Islands, at a depth of 21 
fathoms, on February 16, 1908. 

CENOMETRA DELICATA. 

A specimen dredged in the Gulf of Davao, Philippine Islands, in 23 fathoms, 

on May 18, 1908, has eggs of considerable size in the ovaries. 
TROPIOMETRA MACRODISCUS. 


Mr. Furusawa, under the direction of Professor Ijima, prepared a large series 
of the embryos of this species for Mr. Frank Springer. 

The mother animal from which these embryos were obtained discharged the 
eggs on September 10, 1917. 


TROPIOMETRA PICTA. 
Doctor Mortensen found this species spawning at Tobago during his visit to 
the island, from March 23 to April 23, 1916. 
CALYPTOMETRA LATERALIS. 


A specimen dredged near Niihau, Hawaiian Islands, at a depth of 319-451 
fathoms, on August 12, 1902, had eggs of considerable size in the ovaries. 


ANTEDON BIFIDA. 


Orkneys: Busch first found larve in the Orkneys in the last days of July. 
Arran, Scotland: Sir Wyville Thomson says that on the island of Arran the 
spawning season commences at the end of May or the beginning of June. 


UNITED STATES NATIONAL MUSEUM 


B72 BULLETIN 82, 





fll 
Wt 
fon ie 


yt : 
fl 
i! 


ng | ve 


799 
790. COMATONIA 


fA. 793. OLIGOMETRIDES ADEONA 
796. HETEROMETRA BENGALENSIS. 





795 
Fics. 790—799.—ADAMBULACRAL DEPOSITS OF VARIOUS COMATOLIDS (DRAWINGS RY AUTHOR) 
CRISTATA. 7 . 792. NEOCOMATELLA ALATA 

794, SAM, FROM NBAR BASE OF PINNULE. 795. LEPTOMETRA CELTICA, : 

797. TROPIOMETRA MACRODISCUS. 798. PONTIOMWTRA ANDERSONI. 799. LEPTOMETRA CELTICA, ALL X 100 


791, AMPHIMETRA DISCOIDRA 


MONOGRAPH OF THE EXISTING CRINOIDS. 373 


Millport on the Clyde: Dendy found that at Millport on the Clyde the height 
of the breeding season appeared to be in July. 
Southern Ireland: According to J. V. Thompson the eggs are found on the 
Irish coast first in July. 
ANTEDON MEDITERRANEA. 


Naples: Gétte gives March as the spawning season. Schmidtlein says that 
this species breeds in the spring. 

Lo Bianco states that this species reproduces throughout the entire year, and 
that the months in which individuals with eggs and larve are met with in greatest 
abundance are November, December, February, and April. 

Villafranca: According to Barrois the breeding season is April. He also 
states that the first breeding period can be followed by a second and even a third, 
an assertion partially confirmed by Seeliger’s observations on Antedon adriatica. 

Toulon: The breeding season is April, according to Barrois, as at Villafranca. 


ANTEDON ADRIATICA, 


Trieste: At Trieste Seeliger found that the chief spawning period commenced 
in the last days of May and continued until he left at the end of June. At all 
times it was easy to find a number of individuals with embryos, and toward the 
end of his visit he found females which had undoubtedly liberated larve. 

The first sexually mature individual he found on April 25—a female which 
bore on the pinnules a few embryos, proving on closer examination to be gastrule. 

It may be that there is more than one breeding period at Trieste, for Seeliger 
often found embryo-bearing females with nearly ripe eggs in the ovaries. 


COMPSOMETRA LOVENI. 


Whitelegge states that at Port Jackson, New South Wales, the pentacrinoids of 
this species are often found attached to seaweeds in August and September. 


COCCOMETRA NIGROLINEATA. 


The ovaries of a specimen taken off Habana, Cuba, in January, 1885, contained 
eggs apparently ready for extrusion. 


COCCOMETRA HAGENII. 


Eggs apparently ready for extrusion were found in the ovaries of a specimen 
dredged near Key West, Florida, in 122 fathoms, on February 26, 1902. 


PSATITYROMETRA FRAGILIS, 


In a specimen of this species dredged in Yezo Strait, northern Japan, in 
300—533 fathoms, on September 30, 1906, the ovaries contained eggs apparently 
ready for extrusion. 

LEPTOMETRA PHALANGIUM. 


Lo Bianco states that at Naples mature eggs are found on the pinnules of 
this species in January, and that young occur on the cirri of the adults in June 
and September. 
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Professor Sars gives the period of sexual maturity in the Lofoten Islands as 
June. He found the youngest prebrachial stage at the beginning of July. 


PENTAMETROCRINUS TUBERCULATUS. 


The ovaries of a specimen dredged off southern Japan on October 13, 1896, 
in 169 fathoms, contained well-developed eggs. 


PENTAMETROCRINUS JAPONICUS. 


Well-developed eggs were found in the ovaries of a specimen dredged off 
southern Japan on August 23, 1906. 


PENTAMETROCRINUS VARIANS. 


Eggs apparently of full size were found in the ovaries of specimens dredged 
off southern Japan between August 13 and October 20, 1906. 

The species which have been found spawning in the different months are 
as follows: , 

January: Comactinia meridionalis, Catoptometra ophiura, Antedon mediter- 
ranea, Coccometra nigrolineata, Leptometra phalangium. 

February: Comatella nigra, Amphimetra spectabilis, Amphimetra parilis, 
*Antedon mediterranea, Coccometra hagenii. 

March: Comissa spanoschistum, Tropiometra picta, Antedon mediterranea. 

April: Comissia spanoschistum, Tropiometra picta, *Antedon mediterranea. 

May: Cenometra delicata, Antedon bifida, Antedon mediterranea, Antedon 
adriatica. 

June: Antedon bifida, Antedon mediterranea, Antedon adriatica, Hathrometra 
sarsit. 

July: Comissia littoralis, Antedon bifida, Antedon mediterranea. 

August: Calyptometra lateralis, Antedon mediterranea, Compsometra lovéni, 
Pentametrocrinus japonicus, Pentametrocrinus varians. 

September: Comanthus japonica, Tropiometra macrodiscus, Antedon mediter- 
ranea, Compsometra lovént, Psathyrometra fragilis, Pentametrocrinus varians. 

October: Comanthus japonica, Antedon mediterranea, Pentametrocrinus tuber- 
culatus, Pentametrocrinus varians. 

November: *Antedon mediterranea. 

December: *Antedon mediterranea. 

In the case of Antedon mediterranea the asterisk (*) indicates the months in 
which the greatest number of egg-bearing females are found. 

In regard to two species, Antedon bifida and Hathrometra sarsiti, there seems 
to be a definite breeding season in the late spring and early summer, from May to 
July. Both these species live in the northeastern Atlantic, on coasts where the 
water undergoes considerable seasonal change in temperature and in plankton 
content, and the definiteness of the spawning period is probably connected with 
this seasonal change. 
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It may be that the spawning season of Compsometra lovéni, of southeastern 
Australia, is circumscribed in the same way. 

But for the remaining species, other than Antedon mediterranea, we have no 
data upon which to base deductions of any kind; judging from the known condi- 
tions in Antedon mediterranea and in Leptometra phalangium we might suggest 
that probably comatulids spawn individually throughout the year, breeding ex- 
amples being rather more common at certain times, dependent upon local causes 
as well as upon seasonal changes, than at others. 


COPULATION. 


Jickeli described what he believed to be a case of copulation in Antedon medi- 
terranea, but no other investigator has confirmed his observations, which appear 
to have been based upon close association of the animals as a result of lack of 
oxygen or some other unfavorable condition. 

More recently both K. A. Andersson and Th. Mortensen have assumed the 
occurrence of copulation in Jsometra vivipara to account for the otherwise ap- 
parently inexplicable transfer of the sperm from the male to the receptaculum 
seminis of the female. 


PASSAGE OF THE SPERMATOZOA INTO THE RECEPTACULUM SEMINIS IN JSOMETRA VIVIPARA, 


In /sometra vivipara the spermatozoa apparently first enter the marsupium, 
thence passing through the very thin wall between the marsupium and the recep- 
taculum seminis, for in several cases Andersson found spermatozoa not only in the 
dorsal portion of the marsupium, but also in small interstices in the connective tissue 
of the wall itself, evidently on their way to the receptaculum seminis. 

It is easy to see, therefore, why the receptaculum seminis extends to the outer 
border of the ovary and is separated from the marsupium by only a thin layer of 
cells composed of the ovarial wall and the adjacent wall of the marsupium, here 
completely fused into a thin partition. 


DEVELOPMENT OF THE EGGS. 


So far as we know it is normally only within the pinnules of the crinoids that 
the sexual products come to maturity, though our information is not as yet suffi- 
cient to enable us to speak with absolute certainty. 

The fertile intrapinnular portions of the genital cords vary considerably in 
shape; in such types as Pecilometra, Strotometra, and the genera of the Penta- 
metrocrinide they are short, thick, and rounded; they sometimes terminate in 
rounded ends, and are sometimes continued as slender cords through two or three 
pinnulars. In Heliometra and other genera they are long, fusiform, and relatively 
inconspicuous. Both the short rounded type and the long fusiform type occur in 
the genus Antedon. 

Professor Semper found that the ovaries of Comanthus parvicirra are not 
attached to the genital cord by their ends in the usual way. A backward process 
is given off at the point where the short branch of the sterile genital cord expands 
into the fertile portion, lying within the ventral perisome of the arm on the 
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proximal side of the pinnule attachment. This is as fertile as the rest of the cord 
within the pinnule, so that the whole structure appears to be attached to the genital 
cord at some little distance from its end. It descends into the arm almost to the 
brachial genital cord, the lateral branches of which are quite short. Thus in most 
sections of the arms an ovary is to be seen on either side of the central genital cord. 

P. H. Carpenter, quoting Semper’s observation, notes that the same condition 
occurs in Comanthina schlegelii, and from an examination of the ventral perisome 
of the arms suspects that it is tolerably common in the larger tropical comatulids. 

In one specimen of Antedon bijida Carpenter found a small but well-developed 
ovary occupying the position of the genital cord beneath the left posterior am- 
bulacrum of the disk. The first traces of it appeared in the sections which pass 
through the hinder part of the spongy organ, and it extends outward to the point 
where the primary ambulacral groove divides into the two which proceed to the 
arms. It contained the nuclei of half a dozen ova in various stages of develop- 
ment, some with a germinal spot and some without. 

Carpenter found a still larger and more fully developed ovary in the disk of 
one of the three specimens of Neocomatella pulchella which he sectioned. It com- 
menced close to the peristome and extended outward beneath the left anterior 
ambulacrum nearly to its bifurcation, lying close down upon the upper surface of 
the digestive tube and molded to the plications of its wall. 

In Tropiometra picta Carpenter met with detached portions of ovaries con- 
taining more or less fully developed ova in various parts of the body cavity, in 
the spaces of the connective tissue network forming the lip, in the intervisceral 
portion of the body cavity between the two parts of the coiled digestive tube, and 
in the subtentacular canals between the genital plexus and the water vessels. 

In some sections through the arm of an unknown species belonging to the 
Pentacrinitide, which had been cut for Sir Wyville Thomson, Carpenter found 
an ovary occupying the position where the undeveloped genital cord is normally 
found. He himself cut sections of the arms of all the more common species of 
that family, but in none of them found any trace of such a condition. 

Sperry found in sections through the division series of Metacrinus rotundus 
a well-developed functional ovary in the IIIBr series, which occupied a large part 
of the ventral side of the arm. The genital cord remained distinct nearly all the 
way, merging in but one spot into the ovary and soon reappearing to give off 
a branch to the succeeding pinnule. The branches of the genital cord running into 
the pinnules were much larger than the main strand. 

In sections through the calyx of another specimen of Metacrinus rotundus 
Sperry found a small ovary lying in the body cavity surrounded by loose connective 
tissue. 

In Holopus Carpenter found ovaries in the lower part of the arms. 

In the sexually mature comatulid the primitive germ cells of the genital 
cord in the pinnules have by their development expanded the genital tube to such 
an extraordinary extent that it usually entirely fills the genital canal. On the 
periphery of the nearly solid mass filling the genital tube lie the developing eggs, 
while the ripe eggs lie in the center. At a later stage the contents of the genital 
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tube are entirely solid, consisting of large egg cells which show germinal vesicles. 
Here and there on the periphery lie small, younger egg cells, while undeyeloped 
cells, possibly primitive germ cells which have failed to mature, lie between them. 

An outer epithelium composed of flattened cells which ensheathes the entire 
solid cylindrical ovarial structure can always be made out. 


GROWTH OF THE O6CYTE. 


Prof. Gilbert C. Chubb has made a detailed study of the growth of the 
odcyte in Antedon bifida, his material having been obtained at Plymouth, England. 
The following account is taken from his memoir on the subject published in 1906: 

In the maturing ovary the growing odcytes form a more or less solid mass 
of cells between which odgonia are still present in considerable numbers. The 
only constant feature in the arrangement of the germ cells consists in the in- 
variably peripheral position of the still growing oédcyte. As there is no germinal 
epithelium, the new generations of odcytes being derived from the scattered odgonia, 
there must either be an active peripheral migration of the odcyte prior to the 
commencement of its growth, or else only those odcytes which happen already 
to possess this position ever commence the latter process. The fact that this 
position should be maintained during the “growth” period of the egg, and that 
it should be frequently lost while yolk formation is still in progress, is of great 
interest in connection with the question of the relation of yolk formation; that is, 
the actual appearance of the definitive yolk spherules, to the general cell metabo- 
lism. In the more mature individuals the scattered odgonia are only rarely found 
in mitosis, while in the mature pinnules these abortive odgonia have undergone 
considerable degenerative changes. 

When freely floating the odgonia are ameboid in form, but when closely 
packed their outline is not always distinguishable. The nucleus is approximately 
spherical and measures from 3 to 54 in diameter. There is a well-marked nuclear 
membrane, and the chromatin is in the form of irregular and deeply staining 
masses at the nodal points of a clearly defined linin reticulum. In many nuclei 
the meshes of this reticulum are so large that the greater part of the chromatin 
forms a series of peripheral masses on the nuclear membrane, while the remainder 
is massed around the nucleolus, the linin being reduced to a few strands radiating 
out from the surface of the nucleolus to the peripherally placed chromatin masses. 
There is a single nucleolus ranging from 1p to nearly 2y in size and apparently 
always peripheral in position. It appears as a pale brown or yellow perfectly 
regular and sharply defined spherule surrounded by the deeply staining chromatin. 
In some cases, especially in the very immature pinnules, there are not only two 
nucleoli, but the nucleus itself is distinctly double. 

In the dividing odgonia the nucleus measures 5 y. to 6p and the cell body 7p to 
8p, thus showing a considerable increase in size over that of the resting odgonia. 
A split spireme thread is formed, and this enters a synapsis stage, becoming 
aggregated around the nucleolus on one side of the nucleus. During this process 
the thread shortens and thickens, so that the longitudinal split usually entirely dis- 
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appears, but the thread character of the chromatin is always evident. In the reso- 
lution of the synapsis the nucleolus is seen to be still present, of normal size, 
deeply stained, and sharply spherical, while the chromatin appears to radiate out 
from it onto the nuclear membrane in the form of (apparently) eight deeply 
stained and homogeneous strands. The latter lose their apparent connection with 
the nucleolus and, without further segmentation, give rise to the (apparently) 
eight U-shaped chromosomes which leave the nuclear membrane and aggregate 
together in the center of the nucleus to form the equatorial plate. From this stage 
onward it is not possible to detect the nucleolus, nor is there any trace of this 
structure in the completed spindle. 

In spite of the large number of odgonia found in active mitosis, Professor 
Chubb never saw the anaphase stages of these odgonial divisions, and he was 
therefore unable to trace the actual formation of the odcyte. 

In what appears, however, to be the stage immediately succeeding the com- 
pletion of the last odgonial division, the young odcyte possesses a distinct nuclear 
membrane inclosing a spherical mass measuring 5y. in diameter in the center of 
which the nucleolus is suspended by a faintly stained linin reticulum. The nucle- 
olus measures 1.25. in diameter and is, after most fixing reagents, deeply stained: 
as in the odgonia, it is surrounded by a layer of chromatin. In the odcyte, however, 
though the whole of the chromatin present is massed around the nucleolus, it forms 
a layer too thin to affect appreciably the spherical form of the latter. 

The absence of anaphase stages has made it impossible to determine the part 
taken by the massive chromosomes of the odgonium in the formation of the nucleus 
of the odcyte, and therefore also the mode of origin of the nucleolus. But having 
regard to the behavior of the nucleolus in the odgonium—the rarity with which 
it is seen during the formation of the equatorial plate and its invariable absence 
in the completed spindle—it seems fairly certain that this structure arises in the 
oécyte as a new formation is not genetically related to that of the odgonium. 

The invariably central position of the rapidly growing nucleolus of the young 
odcyte conclusively shows that the peripheral position of this structure in the rela- 
tively quiescent o6gonium can not have any significance as denoting an extranuclear 
origin for this structure. 

The young oécyte grows rapidly, and with the growth of the cell body there 
is a corresponding growth of the nucleus and nucleolus. Early in this process 
the nuclear reticulum, at first faintly stained, commences to stain more deeply. 
This increase in the staining capacity of the nuclear reticulum proceeds from the 
nucleolus outward, and though the nuclear reticulum can, with suitable illumina- 
tion, be seen really to extend from the nucleolus out to the nuclear membrane, 
the process gives it the appearance of consisting of longer or shorter, more or 
less deeply staining threads, radiating out from the surface of the nucleolus. 
Sooner or later the basophile reaction has extended over the whole of the nuclear 
reticulum. Soon after this the strands Jose their connection with the surface of 
the nucleolus and with the nuclear membrane and become irregularly scattered 
over the nucleus, an arrangement which is maintained throughout the remaining 
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history of the odcyte, the irregularly scattered chromatin strands showing no 
further spatial relation either to the nucleolus or to the nuclear membrane. 

As the chromatin threads lose their radial arrangement they become more 
deeply stained and sharply defined, and now for the first time bear distinct, though 
as yet small, deeply stained spherules. Often the strands appear to be composed 
solely of these minute spherules. Sometimes, however, appearances suggest that 
the latter are really arranged on a fine, deeply stained, and apparently homogeneous 
axial thread the zigzag and branched character of which gives to the chromatin 
strands a “mossy” or “filagree” appearance. During the period preceding the 
commencement of yolk formation, and thus during the progressive increase in the 
basophile reaction of the cytoplasm, the chromatin is always relatively small in 
quantity and is often very faintly stained. As yolk formation progresses, however, 
both the quantity and the staining capacity of the chromatin greatly increase, and 
at the same time the spherules on the chromatin threads grow in size until, in the 
adult egg, they may equal the spherules of the yolk. 

The staining capacity of these chromatin spherules and the size they ulti- 
mately attain varies considerably in different individuals and is also to some extent 
dependent on the mode of fixation, and in material fixed solely with sublimate 
solution there is no trace of either chromatin or chromatin spherules. On the com- 
pletion of yolk formation the condition of the chromatin remains unchanged as 
long as the egg remains in the pinnule. 

In the younger odcytes the nucleolus, which is at this stage invariably central 
in position, is homogeneous in appearance and, after most fixing reagents, deeply 
basophile. As growth proceeds, however, this uniform staining reaction is lost, 
the nucleolus showing a tendency to part with the basic stain during extraction. 
This destaining is always from within outward and may, with moderate extraction, 
be so extensive as to include the whole nucleolus. Usually, however, there is a 
considerable cortical region which tenaciously retains the basic stain. The readi- 
ness with which this destaining takes place is mainly determined by the condition 
of the nucleolus itself at the moment of fixation and is independent of the age 
of the egg; eggs of the same age and in the same ovary differ greatly in this respect. 

The more faintly staining internal region of the nucleolus is never spherical 
in form, and its size, though mainly due to the condition of the nucleolus itself, is 
partly determined by the extent of extraction the slide has undergone; more- 
over, its contents are distinctly acidophile, far more so than is the caryolymph. It 
is evident, therefore, that the faintly staining area of the nucleolus is not of the 
nature of a vacuole. 

True vacuoles, spherical in form and with clear, unstained contents, do, how- 
ever, occur in the nucleolus. Their occurrence, like that of the destained area, is 
quite inconstant, for they are sometimes present, sometimes absent, at all stages of 
the egg’s growth, though they are far more rarely met with in the earlier than in 
later stages. They are always much smaller than the faintly staining area, and 
although they may be present throughout the whole body of the nucleolus when 
this is deeply basophile, they are almost or entirely confined to the periphery when 
a considerable destained area is present. 
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The nucleolar vacuoles, even when they reach a considerable size, never cause 
the slightest projection on the surface of the nucleolus, nor has Professor Chubb 
ever seen any other indication that they discharge their contents to the exterior. 
The appearance of the faintly staining region, on the other hand, is frequently 
such as to suggest that a discharge from it into the caryolymph is taking place. 
Thus, wherever the faintly staining area comes to the surface it causes a slight but 
distinct projection. In no case, however, do appearances ever suggest that the 
acidophile substance of the faintly staining area is itself discharged. 

In the adult ege an extensive faintly staining area is always present, and its 
form and position almost invariably suggest that a discharge is taking place from 
it—a suggestion which is greatly intensified by the almost invariable presence 
in the caryolymph of deeply stained spherules so placed as to appear as if recently 
discharged as a stream from that region of the nucleolar surface to which the 
faintly staining area most closely approaches. Occasionally the faintly staining 
area approaches the surface of the nucleolus at more than one point; in such cases 
it is common to find spherules in the caryolymph in relation to each such point. 
It is only rarely that such spherules are found in the nucleus which do not show 
this spatial relation to the nucleous; and when such spherules do occur they are 
always more or less isolated in position and few in number. 

The mode of origin of these spherules as a discharge from the faintly staining 
area of the nucleolus, which their arrangement irresistibly suggests, is still further 
indicated by the appearance presented by the nuclei figured by Professor Chubb. 
In each of these a spherule, similar to those in the caryolymph, is seen in the center, 
not of the destained area, but of one of the vacuoles in the cortical region. Another 
figure shows a deeply basophile spherule identical with those in the caryolymph 
immediately outside the faintly staining area of the nucleolus, but lying in a vacuole 
within the substance of the cortical region and, by reason of its intensely basophile 
character, standing in striking contrast to it. 

These spherules, like the substance of the nucleolus itself, are equally well 
fixed with all reagents and, like, the cortical substance of the nucleolus, are nearly 
always deeply stained. Their staining reactions, however, do not exactly corre- 
spond with those of the cortical substance, for when, as frequently happens in the 
older eggs after Hermann fixation, the cortical substance of the nucleolus is de- 
stained to a faint brown, the discharged spherules in the same egg are usually 
deeply basophile. In size these nucleolar spherules often equal the peripheral 
spherules, with which they also agree in showing a much greater range of variation 
than do the yolk spheres proper. 

Similar spherules, presenting the appearance of having been recently discharged 
from the nucleolus, are also occasionally, though much more rarely, to be found in 
the growing odcyte. 

The fact that this appearance of a discharge of spherules from the nucleolus 
should be so rarely seen in the growing oécyte admits of very simple explanation. 
In the growing egg the intermittent discharges must be separated from one another 
by a considerable interval, while the time occupied by the actual discharge must be 
very brief. The chances, therefore, against the moment of discharge coinciding 
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with that of fixation are very great. In the adult ege, on the other hand, the great 
frequency with which the discharge is seen can not be explained as due to its more 
frequent occurrence, for this would indicate a degree of activity on the part of the 
nucleolus at this stage for which there is no particle of evidence; the completion of 
yolk formation is accompanied by the complete cessation of all nucleolar activity 
and growth, the nucleolus remaining of the same size and retaining the same ap- 
pearance as long as the egg remains in the pinnule. 

Professor Chubb states that there appear to him to be only two possible 
explanations: Either the discharge so frequently seen in the adult egg represents 
the last which occurred during the waning activity of the nucleolus, and which 
has since remained unchanged, or, and he thinks this the more probable explanation, 
the discharge in the adult egg is caused by the contraction of the nucleolus at the 
moment of fixation, the activity of the nucleolus during the closing period of the 
ege’s growth being insufficient to provide the necessary pressure for a normal 
discharge of the gradually accumulating material. He has, however, never seen 
the appearance of a discharge of spherules from the nucleolus of the still growing 
odcyte after yolk formation has commenced, and he is unable to do more than to 
suggest that this restriction of the contracting influence of the fixing reagent to 
the nucleolus of the adult eg¢ may be due to a change in the physical properties 
of the cortical layers of the nucleolus after the activity of the latter structure has 
ceased. 

The occurrence of discharged nucleolar spherules in'the young odcyte long 
before there is any obvious indication of the formation of spherules on the chro- 
matin threads, their almost invariable spatial relation to the destained area of the 
nucleolus, and their uniform behavior, irrespective of the nature of the fixing 
reagent, distinguish these spherules sufficiently clearly from those on the chromatin 
threads. The fact that the nucleolar spherules are less frequently met with in 
later than in earlier stages indicates that they do not accumulate as such within 
the nucleus. Equally certain is it that they do not dissolve in the caryolymph, 
for there is never, at any period, any trace of nucleolar spherules in course of 
dissolution in the nucleus, although if such a process occurred it would necessarily 
occupy some time. There remains, therefore, as the only possible fate for the 
discharged nucleolar spherules, an immediate passage to the cytoplasm. 

In addition to the persistence in the caryolymph of the last nucleolar discharge, 
the completion of yolk formation is marked by another phenomenon in connection 
with the nucleolus, namely, the gradual formation, on the surface of this structure, 
of one or more lens-shaped accumulations. 

As its first appearance this accumulation is extremely thin, tapering away 
imperceptibly at its edge on the nucleolar surface. It gradually increases in size, 
becoming more and more hemispherical as it does so, until it may equal more than 
one-third the total bulk of the nucleolus. Its staining affinity generally resembles 
that of the destained area of the nucleolus, being usually weakly basophile but 
showing considerable affinity for the acid stain. The substance of the accumulation 
is always homogeneous in its staining reactions; it never shows a destained area, 
and it is never vacuolated. The absence of any connection between nucleolar 
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activity and the formation of the accumulation is indicated by the complete absence 
of any spatial relation between this structure and either the discharged spherules in 
the nucleus or the destained area within the nucleolus. Moreover, the simultaneous 
appearance of the accumulation and completion of yolk formation is also accom- 
panied by a complete cessation of the growth of the nucleolus, a growth which, 
as already noted, shows at earlier stages a remarkably constant relation to that 
of the egg. The inactivity of the nucleolus during the formation of the accumu- 
Jation is further shown by the fact that nucleoli with a large amount of this 
accumulated material on their surface and, therefore, presumably fixed some con- 
siderable time after the completion of yolk formation, do not appear to possess 
less of the basophile cortical substance than do those in which the accumulation 
is absent. 

The approximately spherical form of the nucleolus and its steady growth, 
irrespective of the facility with which it parts with the basic stain, indicate that 
the whole of the nucleolus is formed of a ground substance continuous alike 
through the basophile and acidophile regions. The fact that the occasional depar- 
tures from the spherical form are invariably produced by that portion of the 
nucleolar surface in contact with the destained area, together with the fact that 
it is from this region the nucleolar discharge invariably takes place, indicate that 
the capacity for tenaciously retaining the basic stain is accompanied by a con- 
siderably firmer consistency of this portion of the nucleolar substance. As the 
loss of this reaction proceeds from within outward the outermost layers of the 
deeply basophile cortex must possess a considerably firmer consistency than those 
lying further inward. This condition readily explains the entire absence of any 
indication of a discharge taking place directly to the exterior from the vacuoles 
in the cortical region, however peripherally they may be placed, and lends support 
to the assumption that the vacuoles discharge instead into the more fluid substance 
of the faintly staining area, an assumption which is still further suggested by the 
periodical discharge taking place from the latter. 

The products of the activity of the nucleolus, the formation of which is aecom- 
panied by the appearance of vacuoles in the basophile region and the loss of this 
basophile reaction, accumulate, therefore, within the nucleolus, the internal pressure 
of which at the same time steadily increases. When this internal pressure reaches 
a certain point the firmer cortex of the nucleolus is ruptured at the point of least 
resistance—that is, at that point on its surface to which the more fluid faintly 
staining area happens to approach most closely. When this rupture of the cortex 
occurs the accumulated products of nucleolar activity, partly in the form of a clear 
fluid, partly as basophile spherules, are discharged from all parts of the nucleolus 
through the less resisting, more faintly staining, internal region to the exterior. 

The accumulation of products of nucleolar activity which must be present 
within the nucleolus prior to its discharge is not very evident. The fluid portion is 
probably contained within the frequently numerous vacuoles in the cortical region 
of the nucleolus. Only rarely, however, are spherules similar to those discharged 
to be seen within the nucleolus. This is to be expected, for the spherular form of 
the discharged material is as much due to the fluid character of the surrounding 
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caryolymph as to the physical consistency of the discharged material itself, and 
when this is formed within the nucleolus it is surrounded by the relatively firm 
nucleolar substance and does not, therefore, assume the spherular form. In all 
those rare cases in which Professor Chubb saw spherules within the nucleolus 
similar to those outside they were each contained within a vacuole and were, there- 
fore, here also surrounded by a fluid medium. 

In the great majority of cases we should expect the basophile substance result- 
ing from the nucleolar activity to form an irregular zone on the inner side of the 
as yet unaltered cortical region, between this and the faintly staining area, and 
only to assume a spherular form as it is discharged into the more fluid caryolymph. 
There is some evidence to show that this is the actual mode of accumulation of the 
substance of the future spherules. 

The extent of the faintly staining area shows no gradual increase in size with 
the growth of the egg, eggs of the same age and in the same pinnule possessing 
nucleoli sometimes deeply stained and sometimes greatly destained, even in the 
same section. On the other hand, the growth in bulk of the nucleolus does proceed 
perfectly steadily, and shows a striking correlation with the growth of the egg. It 
is evident, therefore, that while the faintly staining ground substance of the 
nucleolus steadily increases in bulk, the amount of basophile substance present in 
the nucleolus fluctuates greatly, sometimes gaining, sometimes losing, on the 
nucleolar activity. 

Since it is only in the earlier stages of its growth that the nucleolus shows any 
spatial relation to the chromatin, and only very exceptionally at any period shows 
any relation to the nuclear membrane, it follows that the caryolymph must be the 
immediate source for both these nucleolar substances. 

This source for the basophile substance is very clearly indicated by the ap- 
pearance often seen in material in which the nucleolus readily parts with the basic 
stain, the faintly stained nucleolus being studded all over with minute basophile 
areas, each flush with the nucleolar surface externally, and projecting irregularly 
into the faintly stained ground substance of the nucleolus internally. This ap- 
pearance would seem to suggest that the basophile substance enters the nucleolus 
by diffusion through the nucleolar surface. Osmotic diffusion through the surface 
layers of the nucleolus is also suggested by the mechanism of discharge already 
described. 

The caryolymph as the immediate source for the ground substance of the 
nucleolus is convincingly shown by the formation of the nucleolar accumulation on 
the completion of yolk formation, for, as we have seen, this accumulation not only 
strongly resembles the faintly staining area of the nucleolus in its staining reac- 
tions, but its formation synchronizes with the cessation of growth on the part of 
the nucleolus. It is impossible, therefore, to avoid the conclusion that this accumu- 
lation represents material to which the steady increase in size of the nucleolus was 
formerly due, and which, now that the nucleolar activity has ceased, can no longer 
be incorporated in the body of the nucleolus. 

According to Professor Chubb the formation of the nucleolar accumulations 
on the cessation of nucleolar activity would seem to suggest that, in so far as this 
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nucleolar constituent is concerned, the mode of growth is by passive deposition 
rather than by osmotic diffusion. 

There are two points concerning the young nucleolus to which attention may be 
directed: The first concerns its position. In the resting odgonium the nucleolus 
appears to be always peripheral in position, whereas in the actively growing odcyte 
it is for some time invariably central—a fact which scarcely points to the peripheral 
position of the nucleolus as denoting a cytoplasmic origin for this structure. 

The second point concerns the close relation which the young nucleolus in- 
variably shows to the chromatin. Both the peripherally placed nucleolus of the 
resting o6gonia and the centrally placed nucleolus of the actively growing odcyte 
are surrounded by a portion at least of the chromatin. In the odgonium this rela- 
tion is maintained until preparation for mitosis leads to the withdrawal of the 
perinuclear chromatin. In the young odcyte the gradual subdivision and more 
equal distribution of the chromatin which accompanies the increasing metabolism 
of the growing cell more speedily leads to the same result. The fact that in the 
young odcyte, at a stage which can be but very little removed from the anaphase 
stages of the preceding odgonial division, there should already be a relatively large 
nucleolus surrounded by a thin layer representing the whole of the chromatin of 
the cell emphasizes the importance of this relation between the nucleolus and the 
chromatin. It is evident, however, that though this arrangement may facilitate, it 
can not be essential to, the formation of the nucleolar substance, for in the growing 
odcyte the nucleolus more than trebles its diameter after it has lost all direct rela- 
tion with the chromatin. 

On the other hand, the later behavior of the nucleolus in the odcyte of 
Antedon offers considerable evidence of a highly suggestive character relative 
to the significance of this structure in the cell metabolism. One of the most 
striking morphological features which the nucleolus invariably presents is its 
spherical, or approximately spherical, form—a form in which the minimum 
surface area is associated with maximum bulk. In this respect the nucleolus 
offers an instructive contrast to the chromatin, where it is an obvious endeavor 
to assume a form with as great a superficial area as possible. It is impossible not 
to conclude that this difference between the nucleolus and chromatin indicates the 
nature of the difference in their physiological significance; that while the chromatin 
is active, and probably selectively so, taking what it requires from the caryolymph, 
the nucleolus, at least in so far as getting fresh material is concerned, is passive, 
the nucleolar constituents being deposited on, or diffusing through, its surface 
without any effort on the part of the nucleolus itself. It has already been seen 
that the further changes which the nucleolar substance undergo take place most 
actively within the interior of the nucleolus and give no indication that a reaction 
between the nucleolar substance and the caryolymph is essential to the process. 

Although the immediate source for both the nucleolar constituents must be 
the caryolymph, yet their very different behavior when nucleolar activity ceases 
would seem to indicate their derivation from distinct ultimate sources. There 
are three possible sources for these nucleolar constituents, namely, the chromatin, 





MONOGRAPH OF THE EXISTING CRINOIDS. 387 


the cytoplasm, and the nutritive plasma of the parent organism by which the 
egg is bathed. 

Apart from the improbability of the nutritive plasma, as we understand it, 
exercising a selective action in depositing food material onto the nucleolus, this 
source for the ground substance of the nucleolus is excluded by the remarkably 
constant relation which the size of the nucleolus always shows to the stage of 
the egg’s growth, a relation very difficult to explain if the nucleolus passively 
receives the bulk of its substance directly from a source outside the cell. On the 
other hand, the cytoplasm is equally excluded as a source for the ground sub- 
stance of the nucleolus, for this substance continues to be deposited on the surface 
of the nucleolus after the completion of yolk formation, at a time, therefore, when 
practically the whole of the cytoplasm has been converted into metabolically 
inactive yolk spherules. ‘There remains, therefore, only the chromatin as the 
source for the ground substance of the nucleolus, a source already indicated by the 
intimate relation this structure shows to the nucleolus in the young odécyte, in which 
the as yet relatively inactive metabolism permits of a massed arrangement of the 
chromatin. 

The origin of the basophile constituent of the nucleolus presents more diffi- 
culty. There is reason to believe that the activity of the chromatin is continued 
for some time at least after the simultaneous completion of yolk formation and 
cessation of nucleolar activity. The only structure, therefore, which in its behavior 
shows a direct temporal relation to the cessation of nucleolar activity is the eyto- 
plasm. On the completion of yolk formation there is not only an abrupt cessation 
of nucleolar activity, but there is also a sudden failure in the supply of the baso- 
phile nucleolar constituent, a fact which certainly points to the cytoplasm as the 
source for this substance. 

It is not, however, only the completion of yolk formation but also the com- 
plete cessation of all cytoplasmic activity, which coincides with the termination 
of nucleolar activity. ‘The production of the basophile nucleolar substance shows 
no relation to the commencement of yolk formation, but is produced continuously 
throughout the growth of the egg. This substance must be the result, therefore, 
not of yolk formation itself but of a much more fundamental vital process of the 
cytoplasm, a conclusion which is supported by the fact that we already have, in 
the peripheral spherules presently to be described, an obvious by-product of the 
actual process of yolk formation. 

That the nucleolus deals with the waste products of cytoplasmic activity rather 
than with the nutritive material in the caryolymph is also indicated by the ulti- 
mate fate of the discharged material described below. 

The nucleolus of Antedon would thus appear to be derived from the chromatin 
and to function as the excretory organ of the cell, the waste products of cyto- 
plasmic activity undergoing their final changes within its substance and being 
discharged, now, presumably, inert and harmless, into the cytoplasm, where they 
slowly dissolve. : 

It has been shown that throughout the growth of the odcyte the nucleolus 
periodically discharges deeply basophile spherules into the caryolymph. It has 
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also been shown that, as there is no accumulation of these spherules in the nucleus, 
nor any sign of their absorption, either by the caryolymph or by the chromatin, it 
is probable, from evidence provided by the nucleus alone, that these spherules 
pass at once into the cytoplasm. 

Basophile spherules commence to appear in the cytoplasm even before the 
chromatin has lost its radial relation to the nucleolus, and they occur in increas- 
ing numbers as growth proceeds until the formation of the definitive yolk nucleus 
in eggs with a nucleolus of from 7 » to 8 » in diameter. The spherules are found 
with all fixing reagents, and are always deeply basophile, even after prolonged 
extraction. ‘The individual spherules are sharply defined and vary in size from 
0.5. to 1.5y, or even occasionally 2y. ‘They do not increase in size with the growth 
of the egg, the few spherules first to appear in the young odcyte being as large 
as the more numerous spherules at later stages, and very small spherules are rare 
at any stage. The spherules are only occasionally found isolated in the cytoplasm ; 
far more usually they are associated together in small clusters of from three to 
six, irregularly disposed around the nucleus and lying either in actual contact with 
the nuclear membrane or at some little distance from it. They are seldom, how- 
ever, found far from the nucleus, and are rarely, if ever, found peripheral in 
position. The spherules of any one cluster vary in size within the limits already 
noted, and it is rare to find a group consisting solely of very small spherules. 

It has already been noted that, compared with the period intervening between 
successive discharges, the time actually occupied by the spherules in passing from 
the nucleolus into the cytoplasm must be very brief, and that this is ample 
explanation for the rarity with which this process is seen. The few instances 
in which the passage outward has coincided with the moment of fixation in the 
still growing odcyte have already been referred to in considering the behavior 
of the nucleolus. 

In addition to the spatial relation which the nucleolar spherules are frequently 
seen to bear to those in the cytoplasm, the nucleolar origin of the latter is also 
indicated by their arrangement in the cytoplasm. It is difficult on any other 
supposition to account for their arrangement in small groups, irregularly scat- 
tered around the nucleus; and this arrangement, together with the fact that they 
are never found in a peripheral position, and that there are, at this stage of the 
ege’s growth, no cells in relation to the egg’s periphery, exclude the possibility 
of an extracellular origin. The fact that the spherules are of much the same 
size in the youngest as in the older odcytes and that groups of very small spherules 
are rarely, if ever, seen, exclude both a cytoplasmic origin and a mode of origin 
by diffusion through the nuclear membrane. 

It should also be noted that the groups in the cytoplasm show no relation 
to the distal ends of the radially arranged chromatin strands. and moreover 
continue to appear after this arrangement of the chromatin has been lost. 

The basophile spherules, therefore, which are discharged at intervals in batches 
from the nucleolus, pass at once into the cytoplasm, and in the young oécyte form 
scattered groups around the nucleus. 
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In the young oécyte the nucleolar spherules in the cytoplasm increase in 
number with every discharge from the nucleolus, but otherwise remain unchanged. 
The cytoplasm also at this period shows no other change than a considerable 
increase in bulk and a very slight increase in basophile staining reaction. Sooner 
or later, however, and alawys by the time the nucleolus measures 8p, in eggs, 
therefore, of from 20». to 30y in diameter, a portion of the hitherto uniformly 
staining cytoplasm commences to retain the basic stain. This more deeply stain- 
ing region of the cytoplasm is at first extremely irregular and diffuse in character 
and nearly always stands in relation to some, at least, of the groups of nucleolar 
spherules, and the appearance thus presented strongly suggests that a diffusion 
is taking place of the deeply staining substance of the nucleolar spherules onto the 
surrounding cytoplasm. During this diffusion the sharply marked and deeply 
stained nucleolar spherules become more and more scarce, and at the same time the 
more deeply staining region of the cytoplasm gradually loses its irregular and 
seattered condition, becoming instead compact and regular, and assumes the form 
of a faintly staining but clearly defined concavo-convex, lens-shaped body, closely 
applied to, though never in actual contact with, the surface of the spherical nucleus 
and measuring 25v. to 30u in diameter and from 8 to 10y in tichkness, This 
is the definitive yolk nucleus. 

That the more deeply staining area of the cytoplasm, and consequently also 
the definitive yolk nucleus, does not arise by a simple aggregation of the nucleolar 
spherules is shown by the difference in staining reaction of the yolk nucleus and 
of the nucleolar spherules. Professor Chubb gives a figure representing an egg 
fixed in sublimate showing two groups of nucleolar spherules which have only 
just come into relation with the stainable area; their deeply basophile character 
and sharp outline offer a striking contrast to the somewhat diffuse and less deeply 
stained spherules of the more deeply staining cytoplasmic area. This contrast 
was still more striking with material fixed with other reagents; thus with Her- 
mann, or with acetic bichromate, the nucleolar spherules are, as with the sub- 
limate, deeply stained and clearly defined, while the texture of the yolk-nuclear 
area, like that of the rest of the cytoplasm with these reagents, is finely granulo- 
reticular in character, only differing from the surrounding cytoplasm in its greater 
affinity for the basic stain. 

Although the accumulated nucleolar spherules in the cytoplasm greatly 
diminish in number during the formation of the yolk nucleus, and may even be 
entirely absent on the completion of this process, they nevertheless are still 
occasionally to be seen in eggs in which a definitive yolk nucleus is present. The 
rapid increase in staining capacity shown by the yolk nucleus soon after its 
appearance, and which is described below, is in all probability to be explained 
by this incorporation of additional nucleolar spherules. At later stages, as the 
nucleolar discharges become more and more infrequent, spherules in the cytoplasm 
are more rarely met with, and are never found in contact with the yolk nucleus 
after this has lost its intensely basophile character, although even in the adult 
egg groups of partially dissolved nucleolar spherules are occasionally to be seen 
embedded in the yolks. 
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When the stainable area first assumes the regular form of the definitive yolk 
nucleus it is, as already noted, much less deeply basophile than the original 
nucleolar spherules from which it has been derived. This faintly staining con- 
dition of the yolk nucleus does not last long, and in eggs very slightly, if at all, 
larger, the yolk nucleus is as deeply stained as the original spherules. Accom- 
panying this increase in staining capacity on the part of the yolk nucleus there 
is a corresponding, though slower and much less strongly marked, increase in 
the basophile reaction of the cytoplasm. 

That the basophile reaction of the yolk nucleus is, in the main at least, due to 
other causes than those determining the corresponding reaction of the cytoplasm 
has already been suggested by the mode of origin of the yolk nucleus. It is still 
further indicated by considerable differences in this staining reaction in these 
two regions of the cytoplasm; for not only does the yolk nucleus stain deeply before 
there is any basophile reaction on the part of the general cytoplasm, but the baso- 
phile reaction of the yolk nucleus is only very slightly influenced by the character 
of the fixing reagent, while that of the cytoplasm varies greatly, and with some 
reagents—for instance, acetic bichromate—may be entirely absent. Moreover, 
even in material in which the basophile reaction of the cytoplasm is most marked, 
extraction always greatly destains the latter without appreciably affecting the 
appearance of the yolk nucleus. 

As the yolk nucleus acquires its deeply basophile character 1t moves away 
from the surface of the nucleus, becoming rounder and shorter as it does so, 
and assumes a position midway between the nucleus and the egg periphery. At 
this stage the yolk nucleus and, after sublimate fixation, the cytoplasm also, has 
reached its maximum basophile reaction. Yolk formation now commences, and 
very soon after this, while yolk formation is still only faintly indicated, the yolk 
nucleus assumes a peripheral position close to, though not as a rule in actual 
contact with, the egg periphery. At the same time it loses its regular form and 
rounded contour, acquiring instead a form roughly determined by the nature of 
the egg periphery and a somewhat irregular outline. At this period, and while 
yolk formation is as yet mainly confined to the egg periphery, the yolk nucleus 
shows a considerable increase in size and accompanying loss of staining capacity. 
As yolk formation proceeds, the yolk nucleus retains its peripheral position and 
appears to spread out over the ever-increasing surface of the egg, becoming con- 
siderably thinner as it does so, always, however, covering the same proportional 
area of the egg periphery. 

Neither during its disappearance nor during the earlier stages of yolk for- 
mation does the yolk nucleus ever show the slightest indication of undergoing a 
granular disintegration. Its outline, though never showing the even character 
it presented prior to the commencement of yolk formation, is never so irregular 
as to be indefinite, and as soon as the loss of staining capacity has proceeded 
sufficiently far it is seen that the structure of the yolk nucleus in all respects 
resembles that of the surrounding yolk, the only difference being the ever-decreas- 
ing basophile reaction, and it is evident that yolk formation has proceeded in the 
region of the cytoplasm constituting the yolk nucleus exactly as in other regions 
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of the cell. During its actual disappearance the yolk nucleus is frequently repre- 
sented by several detached areas, but in all such cases these regions are so placed 
with reference to each other as to indicate that they are not detached fragments, 
but persisting regions of the original yolk nucleus, the unequal disappearance of 
the last traces of the basophile reaction having led to their isolation. Very 
shortly after this stage the yolk nucleus disappears from view altogether, and 
no trace of it is ever to be seen on the completion of yolk formation. 

In the above description of the behavior of the yolk nucleus no mention has 
been made of a peculiar feature in connection with this structure which is of 
very frequent occurrence. After most fixing reagents the yolk nucleus is accom- 
panied, usually on its outer side, by a clear space in the cytoplasm. On the first 
appearance of the definitive yolk nucleus, while this is still faintly staining, this 
space is absent, the cytoplasm in the immediate neighborhood of the yolk nucleus 
in no way differing from the rest. This condition is maintained throughout the 
subsequent history of the yolk nucleus in material fixed solely in a saturated 
solution of sublimate, but after most other fixing reagents a clear area appears 
on the outer side of the yolk nucleus and grows step by step as the latter increases 
in staining capacity, and only finally disappears shortly before the disappearance 
of the yolk nucleus itself, slowly decreasing in extent as the latter loses in staining 
capacity. In the later stages the clear space, like the yolk nucleus itself, is less 
regular in form, and though usually or mainly on the outer suface of the yolk 
nucleus, may occasionally completely surround it, or even be confined to its inner 
side, though this latter condition is rarely seen. 

The gradual growth of the clear space, hand in hand with the increase in 
basophility of the yolk nucleus, and its disappearance with the decline of this 
reaction—that is, its coincidence with the period of apparent greatest activity 
of the yolk nucleus—seems at first sight to suggest that the clear area stands 
in some direct physiological relation to the activity of the yolk nucleus, and 
represents an accumulation of noncoagulable fluid in the living egg. There are, 
however, several difficulties in the way of such an interpretation. 

In the first place, the space is entirely absent in sublimate fixed material, 
though present in material taken from the same individual, but fixed with an acid 
reagent. The absence of the clear space in sublimate material can not be due to 
the great coagulating power of this reagent having coagulated the fluid accumu- 
lation, for not only would such a well-marked segregation of material so different 
in constitution from the rest of the cytoplasm show some difference in staining 
capacity from the latter, a difference of which there is no trace, but there is 
frequently in this material no room for such an accumulation on the outside of 
the yolk nucleus. 

The clear space, therefore, is wholly unrepresented in sublimate material, 
and its presence in other material must be an artifact due to shrinkage during 
fixation. Indirectly the absence of the clear space in sublimate material is due 
to the greater capacity of this reagent for fixing simple proteids in the absence 
of a free acid; for the coagulation of these waste or metaplastic substances with 
which the yolk nucleus and general cytoplasm are loaded prevents the shrinkage 
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which produces this space in other material. That this is the explanation of the 
absence of the clear space in sublimate material is very clearly shown by the fact 
that even in acid-fixed material there is no clear space accompanying the yolk 
nucleus when this structure is faintly stained, and when it is, therefore, presumably 
less heavily loaded with noncoagulable material. 

In the second place, both the clear space and the yolk nucleus of the older 
odcytes have lost the regular form they possessed in earlier stages, and it is then 
frequently seen that the outline of the clear space corresponds exactly with that 
of the yolk nucleus, a correspondence which can only be explained by supposing 
that the two surfaces were originally in contact and have been separated by 
shrinkage and is wholly incompatible with the supposition that the space is caused 
by an accumulation of fluid material in the living egg. This interpretation of 
the space as a split due to shrinkage is also supported by the presence, on the 
surface of the yoll nucleus facing the space, of numerous frayed strands of 
cytoplasm. The extensive changes in the form and size of the yolk nucleus make 
it impossible to ascertain by direct measurements, on acid-fixed and sublimate- 
fixed material from the same individual, to what extent the shrinkage of the yolk 
nucleus is responsible for the clear space; but the fact that there is no great 
difference in size between yolk nuclei in odcytes of about the same age, the one 
accompanied, the other unaccompanied, by a clear space, shows that this con- 
traction can not be a very extensive one, and an explanation other than the con- 
dition of the yolk nucleus must be found for the very large clear space often 
present. The explanation is given by two figures in Professor Chubb’s paper 
which clearly show that the contraction of the egg cytoplasm as a whole may often 
be largely responsible for augmenting the size of the clear area. In one the yolk 
nucleus is accompanied by a clear space of a size, and in this particular case of 
a shape, wholly inconsistent with the assumption that it is due entirely, or even 
mainly, to the contraction of the yolk nucleus. In the other the general con- 
traction of the cytoplasm has occurred on the side of the egg remote from the 
yolk nucleus and shows that the clear area as seen in the first is due to the combined 
contraction of both yolk nucleus and cytoplasm. 

The clear space which often accompanies the yollx nucleus, usually on its 
outer side, is therefore an artifact and is due to the shrinkage which results from 
the inability of the acid-fixing reagent to coagulate the waste and metaplastic 
substances with which the yolk nucleus and general cytoplasm are loaded. When 
the yolk nucleus is faintly stained, as on its first appearance and shortly before 
its disappearance, at times, therefore, when it is less heavily loaded with these 
substances, it is unaccompanied by a clear space in any material. 

It is not necessary to assume for the yolk nucleus an active participation in 
the cell metabolism in order to explain the changes in form and position which 
this structure undergoes during yolk formation, for these changes are perfectly in 
accord with the assumption that they are entirely passive in character and due 
to the gradual change in the physical consistency of the cytoplasm which precedes 
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yolk formation and to the great growth of the cytoplasm by which this latter 
process is accompanied. 

The progressively increasing basophile reaction of the cytoplasm which pre- 
cedes yolk formation is due to the gradual loading of the cytoplasm with material 
supplied by the chromatin and passed out from the nucleus by diffusion through 
the nuclear membrane, the material so supplied being subsequently utilized in 
yolk formation. It is not unreasonable to suppose that this progressive change 
in the chemical constitution of the cytoplasm is accompanied also by a progressive 
change in its physical consistency, a change resulting either in an increased or 
decreased viscosity. The assumption that the change is in the direction of a more 
fluid consistency is the one which seems most easily correlated with the changes 
in the yolk immediately to be described. 

In the young egg the nucleolar spherules lie stationary and unchanged, slowly 
accumulating in the faintly staining cytoplasm, the viscid nature of which is 
indicated by the arrangement of the spherules in small clusters, each representing 
a discharge from the nucleolus, and each having penetrated only a little way 
into the cytoplasm. With the appearance of the basophile reaction and, as Pro- 
fessor Chubb assumes, more fluid consistency of the cytoplasm, the nucleolar 
spherules can no longer retain their original character, and the substance of which 
they are composed diffuses onto the surrounding cytoplasm. At first the areas of 
the cytoplasm so affected are scattered and diffuse in character. Gradually, how- 
ever, they come together and assume a form in contact with the nucleus, which is 
entirely in agreement with the assumption that capillary laws constitute the sole 
morphogenic factor, the presence of the substance of the nucleolar spherules hay- 
ing so modified the physical character, and hence also the surface tension, of the 
region of the cytoplasm which bears it, as to give it a physical individuality of 
its own. 

By the continued change in the physical consistency of the cytoplasm which 
accompanies the increase in its basophile reaction, and by the yet further addition 
of nucleolar substance to the yolk nucleus, the difference in surface tension between 
these two regions of the cytoplasm is still further augmented, and the yolk nucleus, 
leaving the surface of the nucleus, assumes a more compact and rounded form 
midway between the nucleus and the egg periphery, often, indeed, being almosv 
in contact with both. 

Yolk formation now commences, and as this progresses the coarsely alveolar 
structure it produces causes the cytoplasm to lose much of its original semifluid 
consistency. Capillary forces are therefore no longer able to exert the influence 
they formerly possessed in maintaining the regular shape of the yolk nucleus, and 
the smooth contour of the latter gives place to a somewhat irregular outline. 

During the actual process of yolk formation there is a rapid and very con- 
siderable increase in the bulk of the cytoplasm, the diameter of the egg being often 
more than quadrupled during the process. As the yolk nucleus represents an 
area of the cytoplasm only differing from the rest by being infiltrated with the 
substance of the nucleolar spherules, it also should show an increase in bulk corre- 
sponding to that of the whole egg. This increase in the size of the yolk nucleus 
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does actually occur in the earlier stages of yolk formation, but at a later stage 
it is masked by the great extension and thinning out of this structure at the egg 
periphery. If the expansion of the cytoplasm during yolk formation were due 
to the equal and simultaneous expansion of all its parts, then the form and position 
of the yolk nucleus toward the close of yolk formation should be approximately 
similar to that seen in earlier stages, and some other cause than the simple increase 
in bulk of the cytoplasm would haye to be found in order to account for the 
peripheral position and attenuated form which this structure invariably shows 
at this stage. But the increase in bulk of the cytoplasm—in other words, yolk 
formation—as has already been shown, is not uniform all over the cytoplasm, but, 
apart from its first commencement, proceeds from without inward. The increase 
in bulk thus caused in the peripheral layers of the cytoplasm, being unaccom- 
panied by any great increase in the superficial area of the egg, since the ex- 
pansion is confined for the present solely to the peripheral layers, results in a 
considerable increase in thickness and only a slight superficial extension of this 
portion of the yolk. It is at this stage that the yolk nucleus shows the increase 
in size already referred to. At a later stage, however, when yolk formation is 
general all over the interior of the egg, there is a very considerable increase in 
the size of the ege@ as a whole, but the peripheral layers of the yolk, having finished 
their expansion, can only keep pace with this increase in the superficial area of 
the egg by superficial extension. In the yolk nucleus we have a region of the yolk 
in which these changes can be actually observed, the thinning out and superficial 
extension which this structure shows being merely that to which the whole of 
the peripheral portion of the cytoplasm is at this period subjected. As we should 
expect from this process, the yolk nucleus approximately covers the same pro- 
portional area of the egg surface at all stages of yolk formation. 

There only remains to be explained why the yolk nucleus should always le 
at the periphery of the cell at the commencement of yolk formation, for it is 
evident that it is primarily to this position that the changes in the form described 
above are due. The assumption, however, that the outward migration of the yolk 
nucleus at the commencement of yolk formation is also passive and due to general 
changes in the surrounding cytoplasm does not offer much difficulty. During yolk 
formation we have a constant migration to the periphery of granules or droplets 
arising in the body of the cytoplasm. As it is impossible to assume that this 
outward migration is due to the activity of the droplets themselves it must be 
concluded that there are forces in operation in the egg during yolk formation 
which tend to send formed bodies to the periphery. These forces may be of the 
nature of centrifugal diffusion currents, or, as perhaps is more probable, are simply 
the result of an effort on the part of the still metabolically active cytoplasm to 
remain in touch with the nucleus. In either case the presence of the nucleolar 
substance on the yolk-nuclear area would serve to bring this structure under the 
influence of such forces, though the fact that the yolk nucleus is itself, in part, 
composed of ordinary cytoplasm would considerably weaken their action. This 
would explain why the yolk nucleus, though always more or less peripheral in 
position during yolk formation, is never quite so; it never competes with the 
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peripheral spherules of the yolk already referred to and yet to be described for 
a position in actual contact with the vitelline membrane. 

Thus the absence of any participation by the yolk nucleus of Antedon in the 
cell metabolism is indicated both by the origin of this structure as a region of the 
cytoplasm onto which has diffused a portion only of the material intermittently 
discharged from the nucleolus throughout the growth of the odcyte, and by the 
fact that its subsequent behavior can be entirely explained as due to the influence 
on a semifluid mass of the varying physical conditions obtaining in the cell. 

The entirely fortuitous manner in which the yolk nucleus arises in Antedon 
offers a ready explanation of a hitherto puzzling fact, that though this structure 
is of constant occurrence in those forms in which it occurs at all, it is nevertheless 
frequently entirely absent in closely allied species. For it is obvious that very 
slight changes in the constitution of the yolk, or in the mode of its formation, 
might suffice to remove the conditions under which the diffusion described above 
could alone take place. 

Tn the young oécyte, previous to the formation of the definitive yolk nucleus, 
the cytoplasm is faintly acidophile, showing little or no tendency to retain the 
basic stain. At about the time of the appearance of the definitive yolk nucleus, 
however, the cytoplasm commences to show a distinct basophile reaction which 
steadily increases in intensity as the odcyte grows, until yolk formation commences. 
The basophile reaction of the cytoplasm, therefore, first becomes marked in eggs 
of from 30p to 40y in diameter, in which the nucleolus measures about 8p, and in 
which the yolk nucleus is already deeply basophile. The reaction reaches its 
maximum in eggs of from 50y to 60» in diameter, in which the nucleolus measures 
9u to 10y, and gradually disappears as yolk formation progresses. 

Unlike the yolk nucleus, the basophile reaction of which shows but little 
variation with different fixing reagents, the staining capacity of the cytoplasm 
varies greatly according to the fixing agent employed. The reaction is most 
marked in material fixed with a saturated solution of sublimate, the cytoplasm 
often being, with moderate differentiation, so deeply stained as to almost obscure 
the black yolk nucleus; greater differentiation will, however, always greatly destain 
the cytoplasm without appreciably affecting the appearance of the yolk nucleus. 

After fixation with sublimate and acetic, the reaction of the cytoplasm is very 
similar, though slightly less intense, to that seen after sublimate fixation. In 
Hermann material, however, it is much weaker than with either of the above 
reagents, the eggs at the commencement of yolk formation staining a faint blue, 
but the yolk nucleus, though not so intensely stained as after sublimate fixation, 
is still deeply basophile. In material fixed with bichromate and acetic there is 
no indication whatever of a basophile staining reaction of the cytoplasm at the 
commencement of yolk formation, the eggs at this period actually staining more 
faintly than at any other time, but the yolk nucleus stains as intensely as in 
sublimate material. 

The interest attaching to this variation in the staining capacity of the cyto- 
plasm, according to the nature of the fixing reagent employed, as emphasizing 
the distinct nature of the causes determining this reaction on the part of the yolk 
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nucleus and cytoplasm, respectively, has already been noted. This variation is 
also of interest in another connection. The progressively increasing staining 
capacity of the cytoplasm which preceded yolk formation may be assumed to be 
due to the gradual accumulation in the cytoplasm of material destined to be 
utilized later in the formation of the definite yolk spherules. The variation in 
the staining capacity of the cytoplasm in the fixed material would depend on 
the capacity of the reagent employed to fix these metaplastic substances. They 
are, as we should expect, well fixed in sublimate material, and almost as well fixed 
in sublimate acetic material. In acetic bichromate material, on the other hand, 
they appear to remain wholly unfixed and are washed out of the cell subsequent 
to fixation. 

This varying action of the fixing reagent is accompanied not only by a corre- 
sponding variation in the staining capacity of the fixed cytoplasm, but also in its 
structural appearance. Thus in sublimate material, in which the basophile reaction 
is most strongly marked, the cytoplasm has the appearance of being composed of 
indefinite, closely packed, and in the earlier stages faintly staining, spherules. 
In material fixed with an acid reagent, on the other hand, the texture of the 
cytoplasm is that of a more or less open, fine, and deeply stained reticulum the 
strands of which are, however, so fine that the cytoplasm as a whole does not 
appear deeply stained. This reticular structure of the cytoplasm is found equally 
in material fixed with acetic bichromate, with which reagent the basophile reaction 
is almost, if not entirely, wanting. Such a behavior of the cytoplasm would seem 
to suggest that the reticulum shown after fixation with an acid reagent represents 
the living protoplasm of the original cytoplasm, from which the more or less 
unfixed metaplastic substances have been washed out subsequent to fixation. 

In the adult ege the yolk consists of closely crowded spherules of two kinds— 
the yolk spherules proper, constituting the greater bulk of the cytoplasm, and 
the spherules which Professor Chubb calls the peripheral spherules, forming only 
a thin layer at the periphery of the egg. 

The yolk spherules proper average from iy. to 1.5y. in diameter and are always 
quite spherical in form. After fixation with sublimate or sublimate acetic they 
remain unstained by the hematoxylin and appear pale yellow in color and re- 
fringent. After fixation with acetic bichromate, on the other hand, the yolk 
spherules are deeply basophile, prolonged extraction only serving to destain their 
extreme peripheral portions. After fixation with Hermann’s fluid, the spherules 
remain unstained, are nonrefringent, and vary in color from a pale yellow to 
a dark brown or even black. This coloration is due to the osmic acid in the fix- 
ing reagent and is entirely independent of staining or extraction, a fact which. 
together with their varying and irregular distribution, serves sharply to distinguish 
them from the peripheral spherules. 

The peripheral spherules form a thin layer immediately within the vitelline 
membrane. The surface of the adult egg, and with it the inner surface of the 
egg membrane, is, in fixed material, almost invariably thrown into fine wrinkles, 
the peripheral granules being collected in the ridges so produced. In the younger 
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eggs this surface wrinkling is absent, and here the peripheral spherules form an 
even layer. 

The peripheral spherules of the adult egg differ from those of the rest of 
the yolk both in their size and in their staining reactions. Their size, though 
averaging that of the yolk spherules, shows a considerably greater range of vari- 
ation, spherules measuring as much as 3y across being occasionally met. with. 
Their staining reaction, unlike that of the yolk spherules, shows no relation what- 
ever to the mode of fixation, the spherules, after all reagents, being intensely 
stained with iron hematoxylin. This staining reaction shows a further peculiarity, 
for in all cases very slight differentiation is sufficient to destain these spherules 
totally, and the ease with which this takes place is irrespective both of the nature 
of the fixing reagent and the duration of its action. In sublimate, or sublimate 
acetic, material with moderate extraction the deeply stained peripheral spherules 
offer a striking contrast to the unstained yolk. With slightly greater extraction, 
insufficient, however, appreciably to affect the appearance of the other cell elements, 
the peripheral spherules are entirely destained, and they then appear as faintly 
yellow spherules of about the same size as the yolk spherules, but, unlike these, 
nonrefringent. In acetic bichromate material the peripheral layer can still be 
detected, though the strongly basophile character of the yolk spherules after the 
use of this reagent renders it much less conspicuous. Here again, however, slight 
differentiation, to an extent which has no appreciable eftect on the appearance of 
the yolk, suffices totally to destain the peripheral spherules, which then form a 
relatively clear region between the deeply stained yolk and the egg membrane. 

In Hermann material the peripheral spherules, when destained, can not be 
distinguished from the faintly yellow and nonrefringent yolk spherules; but with 
less differentiation they form with these as striking a contrast as in sublimate 
or sublimate acetic material. Occasionally, however, in the Hermann material, 
this contrast between the peripheral spherules and those of the rest of the yolk 
is more or less obscured by the arrangement of the more deeply colored yolk 
spherules. The destaining of the peripheral spherules is so sudden that, unless 
differentiation is carried out under the microscope, it is rare to obtain slides in 
which the peripheral layer is only partially destained. When, however, such a 
slide is obtained, it is seen that nearly all the still visible spherules are as large 
and as deeply stained as in less extracted slides, though present in far fewer 
numbers. Only here and there will a spherule have been caught in the act of 
destaining, and then it is seen that, even in the case of the individual spherule, 
there is no gradual transition from an unstained to a deeply stained condition, 
for a part of the spherule still remains as deeply stained as before. while the rest, 
usually one side or the periphery, rarely the center, is already completely destained. 
There is no evidence, in the destaining of the peripheral layer during differen- 
tiation, that the more or less peripheral position of the spherules in any way 
influences the ease with which they part with the basic stain. 

That the behavior of the peripheral spherules is not due merely to their 
peripheral position is also indicated by the fact that in the adult egg they are 
never so closely crowded as totally to exclude the ordinary yolk spherules from 
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this region, ordinary yolk spherules occurring among the peripheral spherules 
right up to the inner surface of the vitelline membrane. 

It is therefore clear, from a study of the evidence afforded by the adult egg 
alone, that the peculiar behavior of the peripheral layer of spherules is not of the 
nature of a fixation artifact, nor in any way due to the peripheral position which 
they occupy; it is, instead, evident that they must differ considerably in consti- 
tution from the yolk spherules. Nor is there any evidence that a conversion of 
the one into the other is taking place, a conclusion fully in harmony with the fact 
that the number of the peripheral spherules remains fairly constant, not only 
during the closing period of yolk formation, but also after the completion of this 
process for as long as the egg remains in the pinnule. 

The vacuolated areas indicating commencing yolk formation remain unstained 
after all fixing reagents, and in sublimate or sublimate acetic material they stand 
out in strong contract to the intensely basophile cytoplasm. In acetie bichromate 
material the yolk spherules do not acquire their (with this reagent) intensely 
basophile character until some time after their first appearance. With Hermann’s 
fluid the vacuoles in the areas of commencing yolk formation can be seen on their 
very first appearance as faintly yellow spherules standing out well against the pale 
blue cytoplasm. 

Isolated groups of yolk spherules, of a size equaling those of the adult egg, are 
frequently present long before yolk formation becomes general over the whole 
cytoplasm. These isolated areas of precocious yolk formation show, however, no 
constant spatial relation to any of the other cell elements, and as soon as yolk 
formation becomes general this process proceeds most rapidly at the cell periphery, 
and as it extends from without inward the interspherular substance, and with it 
the basophile reaction of the cytoplasm, slowly disappear, the last traces forming 
a faint and irregular perinuclear area of ever decreasing dimensions. 

In addition to this complete absence of any spatial relation between the yolk 
nucleus and areas of commencing yolk formation, it should be noted that in the 
earlier stages of this process the yolk nucleus still retains its regular form and 
shows as yet none of the appearances which have been previously interpreted as 
indications of its granular disintegration. Moreover, in later stages yolk for- 
mation proceeds within the body of the yolk nucleus exactly as in other regions 
of the cytoplasm. The only difference which the yolk nucleus shows from the 
surrounding cytoplasm consists in the more intense staining reaction of the inter- 
spherular protoplasm in this region, a reaction which renders the yolk nucleus 
visible long after all tendency to retain the basic stain has disappeared from the 
surrounding cytoplasm. In the later stages of yolk formation the faintly stained 
and irregular yolk nucleus exactly resembles in appearance the still faintly baso- 
phile perinuclear region of the cytoplasm, and in many cases only its peripheral 
position serves to distinguish it from the latter region. 

As soon as yolk formation becomes general, the peripheral spherules make 
their appearance. As always, they are intensely basophile, but at this early stage 
they are extremely minute in size, far smaller than the yolk spherules, and are 
scattered sparsely over the body of the cell. At a slightly later stage the spherules 
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are more numerous and show a considerable increase in size, though very small 
spherules are still abundant, and there is now a thin but distinct peripheral layer, 
formed mainly of the larger spherules, which lies immediately on the inner side 
of the vitelline membrane. From this time onward, as yolk formation progresses, 
the peripheral spherules continue to increase both in size and in number, not 
only in the body of the cell but also at the egg periphery. 

As yolk formation approaches completion the spherules scattered over the 
cytoplasm decrease rapidly in number, though without showing any other change, 
and by the time the process is completed have almost or entirely disappeared from 
the body of the cell. At the same time, the peripheral layer increases considerably 
in depth and density until, on the completion of yolk formation, it presents the 
appearance Professor Chubb has already described in the preceding section and 
which is maintained for as long as the egg remains in the pinnule. 

The behavior of the peripheral spherules just described clearly indicates that 
they arise in the cytoplasm during yolk formation as a by-product of this process, 
and gradually accumulate at the surface of the cell. They have thus nothing 
to do with the discharged nucleolar spherules which, in the adult egg. they so fre- 
quently resemble, and their very different behavior with fixing reagents, especially 
with sublimate solution, serves to distinguish them from the often contemporane- 
ously appearing chromatin spherules. The entire absence of any spatial relation 
on the part of the peripheral spherules to the yolk nucleus, together with the 
behavior already described for this structure, equally exclude the latter as a 
possible source for these spherules. The frequency with which spherules, often 
described as originating by the granular disintegration of the yolk nucleus, have 
been made to take an active part in determining yolk formation necessitates con- 
siderable emphasis being laid on the mode of origin and fate of the peripheral 
spherules in Antedon. 

Professor Chubb pointed out, when considering the significance of the nucleolus, 
that one of the reasons for excluding the raw food material dissolved in the caryo- 
lymph from the category of possible immediate sources for the nucleolar con- 
stituents was the strict correlation the size of this structure invariably shows with 
the phase of the egg’s growth, a correlation very difficult to understand, in the ab- 
sence of any indication of a reaction between the nucleolus and the caryolymph, if 
the growth of the nucleolus is due to the passive deposition on its surface of sub- 
stance derived directly from a source outside the cell. When, however, we come 
to consider the behavior of the chromatin, we find that this structure, unlike the 
nucleolus, does show a very obvious endeavor, which is indicated by its subdivision 
and equal distribution, to increase the facilities for reaction with the surrounding 
caryolymph. This behavior must indicate not merely that the chromatin depends, 
for the material on which it works, on substances dissolved in the caryolymph, 
for so does the nucleolus, but that these substances are not deposited, as such, on 
the chromatin, but have instead to undergo their initial changes under the direct 
influence of this cell structure while they are still dissolved in the caryolymph. In 
other words, the chromatin obtains its food material by active incorporation, 
whereas the nucleolus grows by passive deposition. The obvious source for the 
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food material of the chromatin, which thus, unlike that of the nucleolus, shows so 
little relation to the requirements of particular cell structures, is the nutritive and 
oxygenated plasma of the parent organism which enters the tissues of the ovary 
from the surrounding sinus. In this connection the invariably superficial position 
in the ovary of the growing odcyte at the time when this activity of the chromatin 
is at its maximum should be noted. 

Professor Chubb has already given reasons for assuming the passage of sub- 
stance from the chromatin to the nucleolus; he believes there is also evidence for 
assuming the passage of substance from the chromatin to the cytoplasm. During 
the early growth of the odcyte, prior to yolk formation, the cytoplasm is not only 
increasing in quantity but is also steadily accumulating material to be subsequently 
utilized in yolk formation, this accumulation being indicated by the progressively 
increasing basophile reaction of the cytoplasm. During this period the chromatin, 
from being massed around the nucleolus, has become finely subdivided, and has, at 
the same time, lost much of its affinity for the basic stain. With the commencement 
of yolk formation, on the other hand, the chromatin shows a progressively increas- 
ing staining capacity, and at the same time deeply staining droplets appear on the 
threads and gradually increase in number and size. Professor Chubb interprets 
the faintly stained condition of the chromatin prior to the commencement of yolk 
formation as due to the avidity with which the cytoplasm at this stage takes up the 
products of the chromatin activity. The caryolymph is thus always unsaturated and 
absorbs this material as fast as the chromatin can produce it. With the commence- 
ment of the probably automatic changes in the cytoplasm by which this accumulated 
material is converted into the definitive yolk spherules, there is, as we should 
expect, a marked diminution in the avidity with which the cytoplasm absorbs the 
products of chromatin activity. The chromatin, however, continues, for a time at 
least, to produce them in as great a quantity as before, but the caryolymph, being 
now saturated, no longer removes them, and they therefore slowly accumulate on 
the chromatin threads, causing both the deeper staining of the latter and the forma- 
tion of the chromatin spherules. 

Up to the commencement of yolk formation the nucleus, like the nucleolus, in- 
creases steadily in size step by step with the growth of the cytoplasm, the ratio of 
their diameters remaining almost, if not quite, constant. Thus the nucleus is 
usually a little over a half, the nucleolus a little under a quarter, the diameter of 
the egg. The following measurements show this relation at different periods of the 
egg’s growth prior to yolk formation, the figure given for each stage being the mean 
of a considerable number of closely approximating measurements: 
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With the commencement of yolk formation, however, this correlation in growth 
ceases and the cell body grows or, to speak more correctly, expands at a much 
faster rate than do the other cell structures, so that on the completion of yolk 
formation the nucleolus measures about 17 p, the nucleus 50y, while the cell body 
measures fully 160». The following figures represent typical measurements during 
the progress of yolk formation ; they were obtained im the same way as those just 
given for earlier stages, the mean being taken of a large number of closely ap- 
proximating measurements for each stage. It should be noted, however, in con- 
sidering these figures, that although the nucleolus continues to increase in size 
perfectly steadily during yolk formation, a corresponding behavior could not satis- 
factorily be determined for the nucleus, the irregular form of the latter at this 
period quite precluding accurate measurement. The figures for the nucleus, there- 
fore, are only approximately correct. 
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In Heliometra glacialis, though the eggs are larger, exactly the same relative 
proportions for the nucleolus, nucleus, and cell body are found. 

Professor Chubb states that one of the most striking features of the young 
oécyte is the extreme regularity of its spherical nucleus. With no fixing reagent 
did he ever find this structure in early stages to show the slightest tendency to 
assume an irregular form. In striking contrast to this behavior of the nucleus in 
the younger odcytes, this structure in later stages is almost always more or less ir- 
regular in form, and in some material is markedly so. This irregularity coincides 
with the period during which the cytoplasm is deeply basophile, becoming more 
and more pronounced the deeper the cytoplasm stains, and gradually passing away 
as this staining capacity of the cytoplasm is lost during yolk formation, the nucleus 
never, however, regaining the regular spherical form characteristic of the earlier 
stages. The irregularity of the nucleus thus coincides not with the actual process of 
yolk formation but with the basophile staining reaction of the cytoplasm. 

There are several facts which show that for Antedon this irregularity is a 
result of the action of the fixing reagent. In the first place, the nuclear irregu- 
larity shows no spatial relation whatever either to the other cell structures, to com- 
mencing yolk formation, or to the position of the nucleus in the cell. In the second 
place, it is only in radial section that the nuclear irregularity presents the appear- 
ance of pseudopodia; in tangential sections these nuclear processes are found in- 
variably to resolve themselves into a coarse wrinkling of the nuclear membrane. 
Finally, the artificial nature of the nuclear irregularity is strongly indicated by the 
variable behavior of the nucleus with varying fixation. Only in material fixed with 
sublimate is the irregularity of the nucleus invariably well marked. With other 
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reagents the irregularity may be much less marked, or even entirely absent; and 
this is true even of material taken from one and the same individual. 

Although the nuclear irregularity is thus seen to be dependent upon the 
action of the fixing reagent, yet the striking temporal relation which this irregu- 
larity shows to the condition of the cytoplasm, and thus to the ege’s growth, 
indicates that its occurrence is also dependent, in part at least, upon a physiological 
condition of the egg peculiar to this period. The fact that the nuclear irregularity 
is always well marked in material fixed in sublimate solution alone, while it is 
much less marked, or even entirely absent, when the fixing reagent employed 
contains a free acid, would seem at first sight to suggest that the nuclear irregu- 
larity may be due to the slow action or penetration of the fixing reagent. This 
suggestion, however, entirely fails to explain the cause of the direct temporal 
relation between the nuclear irregularity and the stage of the egg’s growth as 
indicated by the condition of the cytoplasm. For not only is the egg, at the 
stage marked by the greatest nuclear irregularity and cytoplasmic staining capacity, 
invariably at the surface of the ovary, and therefore in a position to be most 
quickly reached by the fixing reagent, but the younger eggs, in which the nucleus 
is perfectly spherical, are usually in the interior of the ovary, either floating freely, 
or tightly packed between the larger eggs. Moreover, eggs at this early stage are 
occasionally found at the surface of the ovary, yet their nuclei are no less regularly 
spherical. In the same way the form of the nucleus in adult, or nearly adult, eggs 
shows no relation whatever to the position of the egg relative to the surface of 
the ovary. The position of the egg in the pinnule, and thus also the facility offered 
for rapid penetration by the fixing reagent, can not, therefore, be a factor in 
determining the irregularity of the nucleus. 

The cytoplasm is the only cell constituent to the condition of which the nuclear 
irregularity shows any definite relation, and here Professor Chubb believes is the 
true cause of the nuclear irregularity seen in fixed material. 

In the younger odcytes the spherical form of the nucleus is determined by 
the osmotic interchange taking place between the nutritive plasma of the ovary 
on the one hand, and the caryolymph within the nucleus of the odcyte on the 
other. As the egg grows there is a gradual accumulation of metoplastic material 
in the cytoplasm, the presence of which must very greatly increase the osmotic 
intensity at the cell wall while producing a corresponding decrease in the osmotic! 
intensity at the nuclear membrane. The nucleus, therefore, no longer possesses 
the same powerful tendency to retain a spherical shape, and although it is possible, 
indeed probable, that the actual deviations from this spherical form in lite are 
slight, they may obviously be greatly intensified by the action of the fixing reagent 
in coagulating the cytoplasm. 

As yolk formation progresses the cytoplasm gradually loses its fluid character, 
for although the yolk spherules are themselves as fluid as the original food-laden 
cytoplasm, yet the conversion from a fine to a coarse alveolar structure is neces- 
sarily accompanied by a firmer consistency of the alveolar mass asa whole. The 
nucleus, therefore, is no longer free to assume a markedly irregular form during 
fixation, or, to put it in another way, the firmer consistency of the coarsely alveolar 


MONOGRAPH OF THE EXISTING GCRINOIDS. 405 





Fics, 831—848.—-SIDB AND COVERING PLATES OF VARIOUS COMATULIDS (DRAWINGS BY AUTHOR). 831. Pacuy- 
LOMETRA DISTINCTA, 832. VENTRAL VIEW OF PORTION OF PINNULE OF SAME, SHOWING SIDE AND COVERING 
PLATES, THD LATTPR CLOSED DOWN OVER AMBULACRAL GROOVE. 833. SAME, SIDE PLATE VINWED FROM 
INTPRIOR.- 834. SAME, 835. NEOMETRA ALECTO. §36. SAME, SIDE PLATE VIEWED FROM INTERIOR 
837, SAME, OUTLINE OF COVERING PLATE. 838. NEOMETRA CONAMINIS. 839. NEOMETRA GORGONIA, SIDE 
AND COVERING PLATE, 840. SAME, SIDE PLATE VIEWED FROM INTERIOR. 841. SAME, OUTLINE OF COVERING 
PLATE. S42. SAME, TWO SIDE PLATES IN DORSAL (END) VIRW, WITH A SACCULUS BRTWEEN THEM, 843. 
COSMIOMETRA CRASSICIRRA, 844, SAMB. 845, SAME, ISOLATED SUPPLEMENTARY SIDE PLATPS 846. SAME, 
OUTLINE OF COVERING PLATE. 847. SAME, SIDE PLATE VIEWED FROM INTERIOR. 848. SAME. ALL X 100. 








406 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


cytoplasm results in less movement of the latter during fixation and therefore 
less disturbance in the form of the nucleus. 

The existence of a distinct nuclear membrane has been frequently accepted as 
incompatible with the discharge of spherules as such from the nucleus into the 
cytoplasm, and the partial or complete disappearance of this membrane has been 
interpreted as indicating an increased reaction between the nucleus and the cyto- 
plasm. As Professor Chubb’s conclusions for Antedon assume the discharge of 
formed spherules into the cytoplasm, though a distinct nuclear membrane be 
present, and as his interpretation of the cell processes takes no note of the con- 
dition of the nuclear membrane, he finds it necessary to offer some explanation of 
the latter structure which shall not necessitate the assumption that the existence of 
a clearly defined nuclear membrane in any way interferes with an active reaction 
between the nucleus and the cytoplasm, or that it possesses in the living egg the 
firm consistency which it often appears to possess in fixed material. 

The nuclear membrane is always present in the odcyte of Antedon. Only 
when the nucleus is very irregular in form does the nuclear membrane appear 
to be interrupted. The partial disappearance of the limiting membrane in these 
nuclei is, however, always directly associated with the irregularities in the nuclear 
outline and is, according to the belief of Professor Chubb, due to the nuclear 
membrane of these points being cut in a very oblique direction, a natural result of 
the wrinkled form of the nucleus. This suggestion receives considerable support 
from the appearance of tangential sections of the nucleus, in which it can be 
readily seen that the nuclear membrane is perfectly well marked on any part of 
the nuclear outline which does not quickly change its position in neighboring 
sections of the series, but is invisible in those regions of the outline which do 
quickly alter their position in adjacent sections, and which thus show that they 
are cut extremely obliquely. The frequency with which this local disappearance 
of the nuclear membrane has been described as associated with nuclear irregu- 
larity suggests that the above explanation will be found to apply to these other 
cases also. 

Although we may therefore assume that the nuclear membrane is always 
present at all stages of the odcyte’s growth, it nevertheless varies greatly in 
appearance according to the nature of the fixing reagent employed. It is, for 
example, always difficult to see after the use of sublimate, while in Hermann 
material, and indeed after the use of all reagents containing a free acid, it is 
not only quite distinct, but usually deeply stained. It is thus seen that the 
behavior of the nuclear membrane shows a striking parallelism with that already 
described for the cytoplasm. Those reagents which give a well-fixed cytoplasmic 
reticulum give also a distinct nuclear membrane, while those reagents, such as 
sublimate, after the use of which the cytoplasmic reticulum is absent or masked 
by the metaplastic substances, give a nuclear membrane which is indistinct and 
often difficult to detect. When there is a distinct cytoplasmic reticulum, as for 
instance, after the use of Hermann’s fluid, the nuclear membrane appears to be 
continuous with the strands of the latter. Professor Chubb thinks that this 
behavior indicates that the nuclear membrane consists of a layer of the living 


MONOGRAPH OF THE EXISTING CRINOIDS. 407 


protoplasm free from the metaplasic substances with which the rest of the cyto- 
plasm is loaded. The formation of such a layer of hyaline protoplasm at the 
junction of the cytoplasm with the caryolymph is to be explained as due to 
physical causes and is comparable with the hyaline layer of Amwba. 

Such a conception of the nuclear membrane not only allows its formation to be 
readily explained as due to physical causes, but also offers a ready explanation of 
the ease with which this structure can be absorbed and reformed at different periods 
in many cells. Moreover, it would certainly seem that the living protoplasm of the 
cell is the most natural material of which the membrane, through which all solu- 
tions must diffuse before entering the nucleus, would be composed. 

There are two very characteristic features in which the germinal vesicle differs 
from the nucleus of actively secreting somatic cells; these are (a) the relative 
paucity and fine subdivision of its chromatin, and (6) its large size and (at all 
events usually) spherical form. 

Professor Chubb believes himself able to offer an explanation of both these 
features of the germinal vesicle which will be in complete harmony with the inter- 
pretations and conclusions to which he has been led as a result of the study of the 
odcyte of Antedon, and which will, moreover, bring the behavior of the latter into 
line with that, not only of somatic gland cells, but also of abortive ova functioning 
as nurse cells. 

It is generally assumed that the chromatin of the germ cell constitutes the 
main, if not the only, carrier of specific characters. If this assumption be accepted, 
then it is not unreasonable to suppose that this consideration must place a very 
considerable limitation on the adaptive changes which the chromatin may undergo 
during the increase of the cell activity which accompanies the process of growth 
and yolk secretion. The somatic gland cell, on the other hand, as also the abortive 
ege or nurse cell, are not destined to give rise to a Jong line of descendents; still 
less are they responsible for the unimpaired preservation of the specific characters 
of the race. Their chromatin, therefore, is free from the limitations which Pro- 
fessor Chubb has assumed to exist in the case of the odcyte, and is thus capable of 
very considerable adaptation to the requirements of the cell’s activity. We thus 
find that, while the nucleus of the gland cell and nurse cell speedily becomes richly 
chromatic as the cell activity increases, that of the egg remains relatively poor in 
chromatin. 

If such a limitation to the growth of the chromatin in the odcyte does exist, 
then we have a ready explanation of the fine subdivision and equal distribution of 
this material so frequently found in the germinal vesicle which will permit of our 
following Riickert in interpreting this condition as correlated with intense nuclear 
activity, although it is absent in the equally active nuclei of gland and nurse cells. 
For it is obvious that this limitation will necessitate what chromatin there is being 
used to the greatest possible advantage, and no clearer indication of such an 
economical! utilization of the chromatin could be offered than a fine subdivision and 
equal distribution of this material. 

Professor Chubb has suggested that the spherical form of the germinal vesicle 
is due to the latter constituting an active osmotic system, and that the occasional 
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deviation from this form which is seen in fixed material is an artifact, due to the 
action of the fixing reagent at a time when the osmotic intensity has been consider- 
ably lessened by changes in the cytoplasm. The large size of the germinal vesicle 
is to be explained as due to the same cause as that which brought about the fine 
subdivision of the chromatin, namely, the limited growth allowed to this material 
in the germ cell. For it is obvious that there are two ways of enabling a small 
amount of chromatin to perform readily the utmost possible amount of work. 
One of these is the great increase in surface area which is brought about by extreme 
subdivision, whereby the facilities for reaction with the caryolymph are greatly 
augmented ; the other is the increase, both in quantity and in nutritive value, of the 
caryolymph itself, which is brought about by an increase in the surface area of the 
nuclear membrane through which diffusion takes place, the size of the germinal 
vesicle being determined when equilibrium is established between the rate of diffu- 
sion of nutritive substances through the nuclear membrane on the one hand, and the 
requirements of the chromatin on the other. 


RIPENING OF THE EGGS. 


Hamann has studied in detail the ripening of the eggs in Heliometra glacialis. 

As soon as the eggs have reached their full size they move into the central 
cavity of the swollen portion of the genital tube, and often fill it entirely up. They 
have a diameter of 0.3 mm. 

These eggs have lost their germinal vesicles, having in place of them a large 
spherical nucleus of homogeneous appearance 0.01 mm. in diameter. The vitelline 
membrane stands out prominently. On the periphery there lie two polar bodies, 
of which the second is oval in shape and shows many chromatin granules; it lies on 
the periphery with its longer axis at right angles to the cell wall. 


PXTRUSION OF THE EGGS. 
Fig. 1175, pl. 28. 


There are no female genital openings in the crinoids. As the eggs approach 
maturity a small hemispherical swelling appears on the ventral side of the gravid 
pinnule, which is noticeable on account of its whitish color. This is due to the 
bulging outward of the wall of the genital tube containing the eggs, which pushes 
against the previously somewhat sunken median portion of the ventral wall of the 
pinnule. As the pressure increases the wall of the genital tube is forced more and 
more outward into the pinnule wall, which finally opens and, the wall of the genital 
tube tearing, the eggs are liberated through relatively small slits. 

During this process the egg case is formed about the egg cell. 

After the extrusion of the eggs the rent in the pinnule wall is closed, the wall 
of the genital tube is withdrawn, and a rapid healing and regeneration takes place 
in the pinnule wall, which is accompanied by accelerated cell proliferation. 

In Thaumatometra nutrix the eggs, which are only about 0.15 mm. in diameter, 
when ripe pass through the wall of the pinnule into the marsupium, where fer- 
tilization takes place. ; 
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In /sometra vivipara the same thing occurs, but in this case the eggs have pre- 
viously been fertilized, this process taking place in the ovary itself. 


BGG CASE. 


The whole surface of an egg extracted from the ovary just before the normal 
time of extrusion (that is, after the formation of the swelling indicating the posi- 
tion of the subsequent rupture of the pinnule wall) is covered with a dark mesh- 
work, the open spaces in which are closely set and regularly spaced circular areas. 
In Antedon mediterranea, the eggs of which at this stage are about 0.3 mm. in 
diameter, these circular areas have a diameter of approximately 0.022 mm., and 
there are from 16 to 20 of them about any equator. 

This meshwork lies neither on the outer surface of the transparent egg case, 
which is entirely smooth, nor in its substance. The egg case bears on its inner 
surface, immediately contiguous to the egg cell, peglike processes with broadly 
rounded tips which project into the substance of the egg cell, and it is these pegs 
seen in optical section which form the circular areas in the meshwork when the egg 
is viewed from the exterior, the dark portion of the meshwork representing the 
spaces between the processes where the dark yolk comes nearer the outer surface. 
The yolk carries on its surface pit-like depressions, in which the peg-like processes 
of the egg case fit. 

After the egg has been exposed for a short time to the action of sea water the 
pegs on the inner surface of the egg case become gradually lower and lower, and 
the cavities between them shallower and shallower, until finally the inner surface of 
the ege case smooths itself entirely out and the egg case becomes a spherical shell, 
everywhere uniformly thick. Simultaneously the surface of the yolk becomes 
smoother and smoother, until at last it shows no trace whatever of the pits into 
which the pegs originally projected. 

A section of the egg case at an intermediate stage shows the border between 
it and the egg cell as a crenulate line which gradually straightens out so that 
finally both the inner and the outer borders form concentric circles. It is to be 
noted that as the pegs on the inner surface of the egg case disappear the thickness 
of the case between the pegs increases. 

The smoothing out of the inner surface of the egg case appears to begin 
very soon after the eggs are laid in sea water, for the intermediate stage just de- 
scribed is reached at the furthest in 10 minutes. 

Tf the egg is so treated so that the yolk contracts and shrinks away from the 
inner surface of the egg case the former almost entirely obliterates the pittings 
on its surface, while the peg-like processes on the inner surface of the latter are 
not in any way affected. 

Reichensperger was able to comfirm the preceding observations of Ludwig, 
and he found further that as the peg-like processes on the inner surface of the 
egg case decreased in size the outer surface developed very much smaller fine- 
pointed processes, so that the fully matured egg is covered with fine prickles. 
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In /sometra vivipara the eggs are inclosed in a thin membrane, which to a 
greater or lesser degree, but never entirely, has the appearance of a fine network. 
In Tropiometra picta the fertilization membrane is finely sculptured and closely 


beset with small spines. 
EGGS. 


Seeliger states that the eggs of Antedon adriatica just extruded and fixed in 
sublimate-acetic acid average 0.25 mm. in diameter, individual eggs reaching 
0.80 mm. 

On account of the abundance of yolk material the eggs are very opaque, so 
that only the earliest cleavage stages can be studied in the living object. 

The eggs of different animals differ in size, transparency, and color, but with 
trifling variations all the eggs of any one individual are alike. 

Usually the eggs are yellowish or light reddish, though often quite white. 
When white they are almost always entirely opaque. 

Bury says that the eggs of Antedon. mediterranea are 0.30 mm. in diameter. 
Wyville Thomson gives the diameter of the eggs of Antedon bifida when fully 


grown as 0.50 mm. 
REGHNERATION. 


The power of regeneration is most highly developed in the comatulids, penta- 
crinites, and bourgueticrinites, and least in the Plicatocrinide and, so far as we 
know, in the Holopodide. 

In the pentacrinites it is very common in Metacrinus, nearly as common in 
Tsocrinus, less noticeable in Endoxocrinus, and rare in Comastrocrinus and Hypa- 
locrinus. 

This is not the result of a greater inherent ability to regenerate in Wetacrinus 
and /socrinus, but arises from the fact that they run up into the shallowest water, 
for the proportion of regenerated individuals decreases rapidly with depth, regard- 
less of species. 

Among the comatulids regeneration is very common in all littoral species, 
but with increasing depth becomes less and less frequent. 

Broadly speaking, it appears to occur to a much greater extent in the Macro- 
phreata than in the Oligophreata, though partially regenerated cirri have been 
mostly recorded in the latter. 

It is quite possible that this is connected with the larger chambered organ of 
the Macrophreata; and it is also possible that it is the small size of the chambered 
organ which to a large degree limits the extension of the pentacrinites and such 
comatulids as the Thalassometrine and the Charitometride toward the surface, 
since as a result of wave action breakage is most common in the littoral, and 
without a large chambered organ a crinoid, unless unusually tough, could not repair 
its injuries with sufficient rapidity to survive. 

Minckert divides arm regeneration into the following types: 

(a) Reproductive regeneration, resulting in a simple replacement of the lost 
part. 
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(>) Augmentative regeneration, resulting in an increase in the number of arms. 
1. Duplicative regeneration, resulting in the formation of an axillary from 
which two arms arise in the place of a single undivided series of 
brachials. 
2. Multiplicative regeneration, resulting in the formation of two or more 
axillaries each followed by two series of ossicles in the place of a 
single undivided series of brachials. 

(c) Reductive regeneration, resulting in the replacement of a lost axillary by 
a single arm. 

Minckert noted that among the comatulids studied by him from 
to 90 per cent of the fractures in the arms were at the syzygies. 

In specimens of Jsocrinus Reichensperger found regenerating buds in the 
following situations: Seventeen on the distal ends of hypozygals, 10 on the distal 
ends of IBr,, 7 on the distal ends of radials, and 2 on the distal ends of outer 
brachials. 

Thus in /socrinus as brought up in the dredge 75 per cent of the brachial 
fractures are at nonmuscular articulations (47 per cent at the syzygies and 28 
per cent at the synarthries). After the syzygies and synarthries fracture is most 
common on the distal ends of the radials. 

If an arm be broken off at the radials, necessarily a portion of the disk comes 
away with it. This regenerates first, and for a considerable time shows no 
trace of ambulacral grooves, which first appear after the new arm has reached 
an appreciable size. 

Perrier observed that Antedon mediterranea does not thrive in direct sunlight. 
When the light becomes strong the animals roll up their arms, and if the exposure 
is too prolonged, or is repeated too often, the arms are cast off. Minckert, bear- 
ing in mind the fact that the majority of the multibrachiate species live within 
the zone above the 400-meter line, suggests that possibly it is the influence of 
the sunlight which induces the young to cast their arms in adolescent autotomy. 
It is more probable, however, that the arms break off as a natural result of 
growth changes. 

Total loss of the pinnules is relatively rare, but these organs are commonly 
broken off at the base, or lose their distal portion. This is particularly true 
of the long oral pinnules when they are stiffened, as in the Stephanometride. It 
sometimes happens that a lost pinnule will regenerate a more or less rudimentary 
arm. 

In types with very prominent disks, which habitually live with the arms widely 
extended, such as the species of Calometride, Zygometride, and Antedonine, 
individuals are frequently dredged in which the original disks have been lost 
and a new disk is in process of formation. In all the species of Calometride, 
and in the species of the genera Hudiocrinus and Catoptometra in the Zygometride, 
eviscerated specimens are usually in the majority, while numerous cast-off disks 
are found in the bottom of the dredge. Though the first species of Ludiocrinus 
was described in 1868, it was not until the last 10 years that the character 
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Fics, 849-858.—S1pp AND COVERING PLATES OF VARIOUS COMATULIDS (DRAWINGS BY AUTHOR). 849. PascILo- 
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of the disk was known. The first notice of a species of Zygometra, also published 
in 1868, was based upon a detached disk, which was described as a recent cystid, 
while the type species was called mécrodiscus on account of the original specimen 
possessing a disk only half grown. 

In types in which the arm bases make a relatively small angle with the 
dorsoventral axis, and therefore inclose the visceral mass on all sides except the 
ventral, as in the Thalassometride#, Charitometride, and Atelecrinide, loss of 
the disk rarely, if ever, occurs, and no cases of regeneration of the disk have 
been recorded. It appears to be extremely rare in the remaining families. 

Spontaneous evisceration has never been proved in any species. 

Individuals with one, or even two, radials regenerated have been noted in 
Ptilometra miilleri, Antedon bifida, and A. mediterranea, and in a few other 
species. Loss of a radial can only come about through a serious accident. 

Regeneration of the cirri occurs throughout the comatulids but is not so 
common as the regeneration of the arms and pinnules. In the macrophreate types 
the cirri, which are very fragile and often deciduous, are usually (but not always) 
lost in their entiety, and total regeneration supervenes. In the oligophreate 
types, in which the whole animal is usually less fragile than in the Macrophreata, 
the cirri are commonly broken off at some distance from the base, and the distal 
portion regenerates, though loss of the entire cirrus and total regeneration also 
occurs. Partial loss of a cirrus is common in the species of 7ropiometra, and is 
not rare in the species of Charitometride and of Ptilometra. Elsewhere it is 
of more or less casual occurrence. In certain species of Thalassometride with 
long conical centrodorsals the earlier cirri are cast off and replaced by short, 
irregular, rounded-conical spines with their tips crowned with spinelets. 

In total regeneration of the cirri, as described by Minckert and seen in species 
of Crinometra, a small peg-like process appears on the cirrus socket in the central 
canal. As this increases in size segmentation makes its appearance, and it becomes 
divided into a number of narrow rings which in the proximal portion soon become 
short cylinders though remaining ringlike distally where the new segments are 
formed. 

Regarding Antedon bifida at Roscoff, Perrier writes that nothing is commoner 
than to find arms which are in process of regeneration. The animals do not break 
up spontaneously, and they are not even as fragile as many ophiurans of much 
larger size; but the movements of the waves, their habit of entangling themselves 
with each other and with the branches of the seaweeds among which they live, 
as well as the actions of the animals living in the same habitat, cause a considerable 
amount of mutilation. 

The mutilation is not of long duration, for the lost parts very soon regenerate. 
At the end of a few days a white digitation appears on the stump, and the lost 
member, pinnule or arm, soon is replaced. 

On August 9 Perrier removed the extremity of an arm of a carmine Antedon 
which had been kept in a basin for eight hours. Near it was a vermilion Antedon 
with all the arms but three cut off more or less near the base and in process of 
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regeneration. Each of the stumps was surmounted by a small digitiform process, 
white in color. 

On August 14 he reexamined the carmine Antedon and found that a digiti- 
form process 1 mm. long had already formed, resembling those of the vermilion 
Antedon. 

The next day he examined carefully the regenerated arms of the latter. At 
the base of each of the digitiform processes a pair of long pinnules had already 
formed, and, beyond them were numerous young pinnules in various stages. 

Perrier believes that 8 or 10 weeks should suffice for the complete regeneration 


of an arm. 
POSSIBLE EXTENT OF REGENERATION. 


As a result of his studies at Naples Przibram found that Antedon mediter- 
ranea (a) is able to regenerate an excised fifth, comprising an arm pair, the corre- 
sponding part of the disk, and parts of the centrodorsal and cirri; (6) entirely 
halved examples can regenerate the lacking two arm pairs and single arm; (¢c) a 
fifth of an animal can regenerate at least an arm pair (during which process the 
cirri fall off) ; (d) before these operations the disk can be removed without hinder- 
ing the regeneration, and will itself always regenerate (whether after regeneration 
the anal tube occupies the same interradius as before has not been determined) ; 
(e) after the removal of the disk the floor of the calyx may be completely scraped 
without hindering the regeneration of the disk; (f) if all the arm pairs are cut 
away close to the base these, together with the disk which is cast off after the am- 
putation of the two arm pairs, will immediately regenerate; (g) if all the arm 
pairs are cut away in such a way that only the centrodorsal and the cirri are left, 
these die without regenerating; (4) on the contrary, an arm pair can regenerate 
at least another rudimentary arm pair, though it is questionable whether or not a 
small piece of the calyx is necessary; (7) single arms regenerate nothing; (/) 
single pieces of the calyx regenerate nothing; (%) if the cirri are all cut away they 
will not regenerate, at least in the time in which the other regenerations are com- 
pleted; (7) if the cirri together with the distal part of the centrodorsal are cut 
away the open wound heals over, but no regeneration occurs, at least in the time 
in which the other regenerations are completed; (m) if the disk is lost it at once 
regenerates; (7) if the centrodorsal with the cirri be removed and the central ner- 
vous system be entirely destroyed the animal in a short time dies, even though the 
parts remaining if separated possess the power of regeneration to a greater or 
lesser degree; (0) if after the removal of the disk the central nervous system is 
destroyed the animal dies. 

Przibram notes that the negative results are perhaps subject to future correction, 
especially since they are based upon relatively few experiments. 

It is interesting that the destruction of the central nervous system causes death 
if the animal be left entire, while separated parts remain alive and will to a greater 
or lesser degree regenerate. 

Detached disks or portions of disks will not regenerate, though they remain 
alive for several days. 
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The regenerative powers of the disk are summarized by Przibram as follows: 

Regeneration of an anal tube cut away proceeds regularly and the functioning 
of the new anus can be observed after one month. Regenerative power, therefore, 
is not lacking in the disk, and its incapacity when detached to exist or to regenerate 
may be ascribed to the absence of sufficient ectodermal parts, and especially to the 
absence of a sufficiently large portion of the ectodermal nervous system. 

A disk half detached grows again entirely onto the calyx. 

The following methods are employed to hinder the immediate return of the 
disk to its original position: ‘The detached half was cut away; the calyx lining 
under the loosened half was removed; a strip of gummed paper was inserted under 
the loosened half; and the oral pinnules, in the normal condition held above the 
disk, were inserted under the detached portion. 

In the two last cases the disks were cast off; in the first two they grew com- 
pletely on again, and since subsequently the disk were not always orientated accord- 
ing to the orientation of the arms, it is to be assumed that the disks themselves 
have assisted the regeneration to a certain degree. 

Disks can be transplanted from one animal to another if the original orienta- 
tion is preserved. If not cast off the disks grow fast in their new position in about 
a week. 

Transplantation of the disk has no effect upon the color of regenerating arm 
tips, which remain of the same color as before the disks were exchanged. In these 
experiments caution is necessary, for regenerating arm tips of a yellow specimen 
are sometimes red, and in the case of transplantation of the disk it would be easy 
to ascribe this to the influence of a new red disk. 

Reichensperger carried out experiments along the same lines. He cut off 
the arms of five specimens at the radials without injuring the latter. In all cases 
the disk was immediately thrown off. After four months two of the specimens 
had regenerated five arms, from 1.1 mm. to 1.3 mm. in length; the other three were 
dead. If during the amputation the radials are injured no regeneration will occur. 

When the central capsule of armless specimens was injured with a fine pin no 
regeneration took place; but in two of the three specimens in which four or five 
brachials were preserved regeneration set in in spite of the injury to the cen- 
tral organ. 

If after the removal of the arms the dorsal cord in the radials be injured, re- 
generation never occurs, even if the IBr, be preserved. 

Reichensperger believes that his investigations appear to confirm the existence 
of a regenerative zone at the base of the arms, and concludes that a certain mini- 
mum of the substance of the dorsal nervous system, and especially of the wandering 
cells, must be present uninjured to give rise to regeneration. 

Reichensperger found that single arms would regenerate nothing, and that 
arm pairs regenerated only if attached to a part of the calyx which contains a 
fragment of the central organ; but in the latter case if the distal brachials be 
removed or the arms otherwise injured no regeneration occurs. 

In the arms regeneration takes place with equal facility at all points, on the 
distal end of any brachial, or on any fractured surface within the substance of any 
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brachial. The articular facets of the nonmuscular articulations are especially 
fitted for regeneration only because they are especially adapted for autotomy. 

On December 15 Reichensperger removed all the cirri from eight specimens; 
on January 17 the first signs of regeneration were visible; on February 20 three 
showed large regenerating buds, and two additional had buds still further ad- 
vanced; on March 7 from five to seven cirri on each animal had attained about one- 
third of the normal size. The remaining three animals, though still living, showed 
no trace of regeneration on March 7. 

Regeneration of the cirri, though it occurs, proceeds with extreme slowness. 

Reichensperger met with only 11 cases of partial regeneration of the cirri in 
Antedon mediterranea. Minckert records one in Tropiometra picta, and P. H. 
Carpenter one in Tropiometra carinata (%picta). 

In 2 of the 11 cases noticed by Reichensperger, regeneration took place after 
fracture from natural causes, once from the third and once from the seventh seg- 
ment. In the other 9 the fracture was artificial, and in these 8 regenerated from 
the end of an ossicle, and 1 from a cut through the middle. About 170 cirri were 
used in the experiments, but most of the stumps were cast off by autotomy. 


INFLUENCE OF DIFFERENT FACTORS ON REGENERATION. 


Reichensperger confirms previous investigators when he says that the more 
unimportant the lost parts are the slower, in general, is the regeneration; the 
larger the portion removed the quicker and stronger will regeneration set in. 

So far as it is possible to estimate, a regenerating arm with a IBr, as a base 
grows about twice as rapidly as one arising from one of the distal brachials. 

If on one animal all the arms are cut away at about the tenth brachial, and 
on another animal of equal vigor only one or two, in general the regenerating 
buds on the animal deprived of all its arms will reach a length of 0.7 mm. to 
0.8 mm. when those on the other are at the most 0.4 mm. or 0.5 mm. long. 

During a stay of over five months’ duration at Naples Reichensperger was 
not able to determine any exhaustion of the powers of regeneration in the arms 
of Antedon mediterranea. 

In three vigorous animals he broke off individual arms at the syzygy between 
the third and fourth brachials, at intervals of from 8 to 10 days. They always 
regenerated with almost equal perfection and speed. In two cases the experiment 
was carried out 12 times on the same animal, and in one case 14 times. There is 
no difficulty in inducing regenerating buds of the second, third, and even fourth 
order in any location. 

The assimilation of food can play only a slight part in influencing regener- 
ative processes. There is practically no difference in the rapidity of the regener- 
ation between animals with and without disks. Specimens which are in process 
of regenerating extensive portions of the arms rarely show the visceral mass 
extended with food; in fact, it is shown by sections through the visceral mass 
of rapidly regenerating animals that the alimentary tract is almost always empty. 
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There is no perceptible difference in the speed of regeneration between animals 
in water with an abundant supply of food and animals in water with a minimum 
of food. 

There is also no difference in the speed of regeneration between animals with 
fully developed sexual products and those from which the sexual products have 
been given off. If several weeks before sexual maturity large portions of the 
arms be cut away regeneration takes place on an injured arm in conjunction with 
the undisturbed maturation of the sexual products. The pinnules remaining on 
the proximal portion of an amputated arm develop the sexual products simul- 
taneously with those on uninjured arms. Thus the maturation of the sexual 
products is not affected by regenerative processes, and the material intended 
for the former is not diverted to the latter. 


COLOR OF REGENERATING PARTS, 


In the crinoids as a whole regenerating parts are usually yellow, more rarely 
whitish or pink, and much lighter than the remaining portions of the animal. 
This is especially evident in dark-colored types in which the contrast between 
the original and the new structures is often strongly marked. But in the lighter 
colored species exceptions are frequent, and in Antedon red regenerating buds 
on yellow arms or brown on whitish specimens are commonly met with. 

The specimens of /socrinus and Metacrinus are often quite white in color 
when alive, and if dark the color quickly-changes or entirely disappears in alcohol. 
In preserved material regenerating parts as a rule are lighter than the rest of the 
specimen, though often indistinguishable. In the latter case it is quite possible 
that the color may have been different in life. 


VISCERAL MASS. 


It is well known that in many of the comatulids the visceral mass is more 
or less readily lost and is soon regenerated without any apparent inconvenience. 

The facility with which this occurs varies greatly in different groups. In the 
Comasteride it appears to be very exceptional. Only very few specimens without 
disks have come under my notice, and in these the disks were evidently lost as 
a result of very rough methods of capture. No case of a regenerated disk in 
this family is known. 

In the Zygometridz, on the other hand, the loss of the visceral mass is a 
very frequent occurrence, both under natural conditions and as a result of capture. 
Indeed, so easily is the disk lost that it is as yet unknown in several of the species 
of Catoptometra and Eudiocrinus, and in one of the species of Zygometra. The 
detached disk of a species of the last-named genus served as the type specimen 
of Lovén’s Hyponome sarsii, described as a recent cystidean, while another species, 
microdiscus, was so named because of its small disk, which in the type specimen 
is in the early stages of regeneration. 

In the Himerometrid loss of the disk oceurs, but is extremely rare. 

In those species of Mariametride which have narrow and well-separated 
division series, such as the species of Pontiometra and Liparometra and a few 
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other forms in the remaining genera, the disk is sometimes lost, though, speaking 
generally, in this family loss of the disk is very unusual. 

In the species of Stephanometride individuals in which the disk has been 
lost are not uncommon. 

The species of Colobometride all lose their disks rather easily, especially the 
10-armed. species and the species of Cenometra. In one of the species of this 
genus which is known from only two specimens, C. emendatriw, the disk has not 
been observed except in the early stages of regeneration. 

The Tropiometridx are extraordinarily tough, and in this family loss of the 
disk, as well as loss of any other part of the body, is rare. 

In the Calometride, especially in the genus Veometra, the attachment of the 
visceral mass is peculiarly weak, it being more frequently lost even than in the 
Zy gometride. 

Among the species of Thalassometride and Charitometride loss of the disk 
is as a rule very exceptional, since in these families, as a result of the compression 
of the division series and arm bases, it is entirely inclosed both dorsally and 
laterally. The only genus in which the disk is frequently lost is Strotometra, 
which is characterized by the absence of the protective approximation of the 
division series. . 

Loss of the disk is common in the subfamily Antedonine, in which the division 
series are narrow and in life are extended almost at right angles to the dorso- 
ventral axis; but in the other macrophreate types it is very rare, and quite unknown 
in the Atelecrinide and Pentametrocrinide. 

As a general rule, it may be stated that comatulids having well separated 
rays, a convex disk, and a patent habit lose their visceral mass readily, especially 
if it be plated; but those with the rays and division series in close contact or 
with the ventral surface of the disk normally flat or more or less concave lose 
their visceral mass seldom, or not at all. 

Prof. Arthur Dendy has made a special study of the regeneration of the 
visceral mass in Antedon bifida, his observations having been carried out at Mill- 
port on the Clyde. 

It was first noticed in 1592 by Fabius Columna that the visceral mass of 
Antedon mediterranea was readily separated from the rest of the animal. Dr. 
W. B. Carpenter remarked the same thing in Antedon bifida at Oban, while the 
naturalists of the Challenger expedition often noticed it in various other forms. 
Prof. A. Milnes Marshall had observed its frequent occurrence in Antedon medi- 
terranea at Naples, and had found that it was easily brought about by artificial 
means. He also observed that after evisceration regeneration promptly began, 
and he collected a series of specimens for the further study of the process which 
he turned over to Professor Dendy, and it is upon these that part of the latter’s 
studies are based. 

Dendy noticed that the concave surface of the calyx is lined with a thin 
layer of connective tissue, on which the visceral mass rests and to which it is very 
closely attached. 











Fics. 859-867.—SIDB AND COVERING PLATES OF VARIOUS COMATULIDS (DRAWINGS BY AUTHOR). 859. OcEANO- 


METRA GIGANTEA; OUTLINE OF LOWER HALF OF SUPPLEMENTARY SIDB PLATS REPRESENTS BOUNDARIES 
OF MASS OF SPICULES (SER FIG. 864). 860. SAME; SUPPLEMENTARY SIDE PLATES ARB NOT DIVIDED. 
861, SAMB, SIDE PLATE VIEWDD FROM INTERIOR, SHOWING BRIDGES AND PROXIMAL POCKET. 862. SAMB, 
SIDE PLATE VIEWED FROM INTERIOR, DORSOVENTRAL RIDGE BROADENED TO FORM DEBP POCKET. . 863. 
SAME, VENTRAL VIEW OF SIDE PLATE WITH DETACHED DISTAL PoRTION. S864. SAME, ISOLATED SUPPLB- 
MENTARY SIDP AND COVERING PLATES. 865. SAMB, OUTLINES OF FIVE SUPPLEMBNTARY PLATES } LOWER 
HALVES ARE COMPOSED OF FEW VERY LARGE RETICULATIONS. 866. SAMB, ISOLATED SUPPLEMENTARY 


PLATH. 867. CROSSOMETRA HBLIUS. ALL X 100. 
419 


420 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


When removed from the calyx the visceral mass is a roundish ball from a 
quarter to half an inch in diameter and somewhat flattened on the ventral surface. 

The dorsal surface, which normally rests on the calyx, is covered by a compact 
layer of connective tissue which has a silky appearance on the outside. In the 
center of the dorsal surface is a minute perforation which serves for the passage 
of the central plexus from the chambered organ into the visceral mass. The 
ventral surface is covered with epidermis overlying connective tissue, continuous 
with a similar covering on the ventral surface of each arm. 

In some specimens of Antedon bifida the visceral mass is very easily removed 
from the calyx by pushing it aside with a blunt needle, but it is a noteworthy 
fact that this evisceration can not be effected with equal ease in all cases, for 
while in some specimens the visceral mass comes away almost with a touch, in 
others it adheres firmly to the calyx and can not be brought away at all except 
by tearing it all to pieces. 

While at Millport he observed that specimens were dredged which had 
already lost their visceral masses. At first he was inclined to think that the 
animals cast them out of their own accord on being irritated, but this must 
be regarded as very doubtful, for owing to the slight manner in which they 
are generally attached to the calyx, the visceral masses might have been torn out 
by rough treatment in the dredge. 

It was observed that the naturally eviscerated specimens had the genital 
products more or less undeveloped, while those with the pinnules distended had 
the visceral mass more firmly attached to the calyx. Dendy supposes that the 
necessity for uninterrupted nutrition at the breeding period may account for the 
greater tenacity of the visceral mass during this time. 

Removal of the visceral mass appears to affect the animals but little. At 
first they fold their arms over the calyx, but this condition does not generally last 
long, and in an hour or two, when they have once recovered from the shock, their 
vigor seems to be unimpaired. 

It is evident that evisceration involves tearing of the epidermis and dermis 
in a more or less regular circle all around where the arms join the disk, and 
that the ambulacral grooves and nerves, together with the ambulacral vessels, must 
also be torn across. The central plexus must also be broken across. 

Isolated specimens of the visceral mass of Antedon bifida were observed by 
Sir Wyville Thomson to perform slow creeping movements, but Dendy noticed 
nothing of the sort; the visceral masses appeared to remain quite still and to 
slowly decay. 

The central capsule, together with the nerves radiating from it to the arms, 
is uninjured by the operation. The line of tear along which the oral perisome 
has been separated from the integument of the arms is very distinctly marked; 
each ambulacral groove is torn sharply and suddenly across, generally at about 
the level of the base of the oral pinnules. 

Between any two adjacent arms or pairs of arms is a tightly stretched trans- 
lucent membrane bounded by a free incurved edge which marks the line of tear 
interradially and radially. These membranes form an important part of the floor 
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of the visceral basin and assist in supporting the visceral mass. It will be seen 
that the line of tear forms the edge of the visceral basin. This edge does not main- 
tain an even curvature all the way around but is deeply notched. There are 10 of 
these notches or bays, one between the two arms of every pair, and one between 
each two adjacent arm pairs, the latter being a good deal the deeper. 

The floor of the visceral basin is lined with an exceedingly thin transparent 
membrane of connective tissue through which the muscles between the calcareous 
ossicles are very distinctly visible. The degree of distinctness with which these 
muscles are visible beneath the overlying regenerating tissues forms, during the 
earliest stages, a good indication of the amount of regeneration which has taken 
place. 

By comparing sections of an uninjured specimen and sections of an isolated 
visceral mass it is found that the separation of the visceral mass takes place 
between two layers of connective tissue, one lining the visceral cavity, the other 
covering the aboral surface of the visceral mass. 

Forty-three hours after evisceration specimens of Antedon bifida exhibit a 
thickening of the connective tissue lining of the floor of the visceral basin. The 
interarticular muscles are much less distinct, though still plainly visible. The 
thickening is more marked around the edges of the injured area than in the center, 
so that the muscles between the radials and IBr, are much more distinctly visible 
than those between the second primibachs and the IBr,. In one specimen of this 
stage Dendy found the outer circle of muscles nearly hidden by the ingrowing 
mass of connective tissue. The line of tear along which the visceral mass has been 
separated from the calyx no longer appears sharp and distinct. 

At two days the new growth of connective tissue, which had commenced 
at 43 hours, has proceeded farther. The muscles on the floor of the visceral basin 
are all completely hidden by the newly formed tissues. The line of tear is marked 
by the sudden stopping of the lappets and pigment spots along the borders of the 
ambulacral grooves. In sections it is seen that the surface of the regenerating 
cushion of tissue is covered by a thin, deeply staining layer, which is apparently 
formed by the arching over and ingrowth of the edges of the injured area. This 
layer is formed of two parts—an upper, which is probably epidermal, and a lower 
dermal. The deeper connective tissue layer is continuous with strands of the 
same substance which have grown out from the floor of the visceral basin. In 
the center, above the chambered organ, the superficial layer of this regenerating 
visceral mass is still incomplete, so that on looking at it from above two or three 
little holes are visible in the center leading down to the chambered organ. The 
regenerated cushion of tissue is still very thin, averaging in thickness only about 
half a millimeter. 

Regeneration, then, appears to commence in two chief ways—(1) by a series 
of outgrowths from the thin layer of connective tissue which forms the floor of the 
visceral basin, and (2) by an ingrowth of connective tissue and epidermis from 
the edges of the injured area forming a roof to the visceral basin. 

At the next stage the new visceral mass is seen to have grown and has thick- 
ened considerably. The openings leading down to the chambered organ are now 
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closed over. In the center of the regenerating visceral mass is a small opaque 
papilla, probably due to the thickening of the epidermis preparatory to the forma- 
tion of a mouth, but unfortunately Dendy’s sections were not sufficiently well pre- 
served to decide the point. 

Sections show that regeneration has proceeded as far as the formation of a 
cushion of loose connective tissue, much thicker than at two days, and covered by 
the deeply staining epidermic layer before mentioned. The growth of connective 
tissue is especially strong underneath the point where the mouth is subsequently 
to be found, so that we have here a pillar of denser connective tissue reaching from 
the top of the rosette to the roof of the visceral basin and thickest just beneath the 
epidermal layer. 

The central plexus is very well shown; but in these sections and in those of 
later date there is no means of telling how much of it, if any, has regenerated and 
how much was left after evisceration. 

The ambulacral system has begun to regenerate, as is shown by the presence 
of new ambulacral pores. On examining one of these more closely it is seen to be 
vesicular, lined with columnar epithelium and opening to the outside; no internal 
opening is yet visible. 

Another specimen supposedly, like the preceding, of three days’ growth, is 
much more advanced, the mouth and alimentary canal being present. In other 
respects it is similar. In the center of the visceral mass is ‘a depression; the 
epidermis covering the depressed area is thickened, and in the center is a small 
mouth leading obliquely downward into a feebly developed alimentary canal. The 
alimentary canal has already the characteristic form found in normal specimens, 
taking one turn in a horizontal plane and ending in an interradial anus. The 
most remarkable feature about it is the rudimentary condition of its walls. In 
histological characters the walls of the alimentary canal are almost indistinguish- 
able from the roof of the visceral basin, and to all appearances have been formed 
by an invagination of this roof. 

The roof of the visceral basin is composed of two layers—externally a thin 
layer of minute, rounded, deeply staining cells, which are probably epidermal, and 
beneath this a thicker layer of connective tissue cells, which stain less deeply. 

In the floor of the central depression already mentioned the epidermal cells 
show a slight tendency to become columnar. The walls of the alimentary canal are 
composed of exactly the same two layers—a layer of more deeply staining cells 
which corresponds to the epidermal layer of the roof, but is now, of course, on the 
inside, and outside this a layer of connective tissue. The cells of the inner layer 
show a tendency to become columnar, and this layer is more distinct than the 
epidermal layer of the roof. The lumen of the alimentary canal is very small and 
its walls are very thin and but slightly folded. There is no trace of an anal cone; 
the anus itself is represented by a minute perforation in the roof of the visceral 
basin. The walls of the last part of the intestine just before reaching the anus are 
quite indistinguishable from this roof. There is no decisive evidence as to the 
manner in which the alimentary canal is formed; but there appears to Dendy to be 
a strong probability in favor of the view that it is formed by invagination, the 
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inner glandular layer of its walls being formed from invaginated epidermis, and the 
outer connective tissue layer from the underlying dermis. 

At five days the condition is about the same; the alimentary canal is very 
small and almost solid, the inner layer of its walls being composed of minute 
deeply staining nucleated cells, more or less rounded in shape and showing a slight 
tendency to become columnar in places, and being histologically indistinguishable 
from the tissue covering the general surface of the disk. Here, again, the ali- 
mentary canal appears to have been formed by invagination, accompanied by rapid 
proliferation of the cells of the epidermis. In the specimen described this pro- 
liferation has formed a thick mass of minute cells projecting on the surface at one 
side of the mouth. No anal cone is yet visible. The terminal portion of the in- 
testine touches the roof of the visceral mass, but no definite opening was found. No 
ambulacral nerves or canals are as yet visible around the mouth. A number of 
new ambulacral pores have been formed, apparently by invagination; the epi- 
thelium lining them is at first not distinctly columnar. 

At nine days the boundaries of the ambulacral grooves are seen to have met 
and formed a pentagon around the mouth. They inclose a slightly depressed area, 
with the mouth in the center, and appear as thickish white ridges, in some places 
notched, showing where lappets are beginning to regenerate. 

Dendy believes that the ambulacral grooves are, from the first commencement 
of regeneration, left as areas along which the thickening of the regenerating tissue 
is not so great as elsewhere. This thickening takes place centripetally in five dis- 
tinct areas, one in each interradius. As these grow inward the ambulacral grooves 
and the central depression around the mouth are left as less thickened portions. 
The mouth is oval, runs obliquely downward, and is now for the first time dis- 
tinctly bounded. 

The beginning of the anal cone is visible as a small conical papilla placed inter- 
radially. In sections the alimentary canal is seen to be fairly well developed; it 
contains food refuse, indicating that its use has begun. 

The epidermis covering the depressed areas around the mouth is now com- 
posed of columnar nucleated cells and passes gradually into the inner lining of the 
esophagus, the cells of which are still more columnar. 

The walls of the stomach are also composed of the usual two layers—an inner 
layer of columnar nucleated cells and an outer layer of connective tissue. This 
outer layer is connected with the loose connective tissue filling the body cavity. 
In the specimen described the cells forming the inner wall of the alimentry canal 
have become columnar right up to the anus. The anus is very minute and is situ- 
ated on the top of a small papilla. The columnal cells lining the cavity of the 
anus are very small and pass gradually into the epidermal cells covering the rudi- 
mentary anal zone; the epidermal layer at this point is thickened. In the region of 
the stomach the walls of the alimentary canal are beginning to become folded, 
especially on the axial side, and on this side also the glandular layer is thicker. 

In another specimen of this age, which appears not to have advanced quite so 
far in regeneration, the alimentary canal, as it approaches the anus, narrows very 
much. Its inner wall, which in the first part of its course is composed of the usual 
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columnar cells, here consists of a layer of very minute cells, such as line the whole 
of the canal at an earlier date, and identical with the cells covering the general 
surface of the disk. In thickness this inner layer is very irregular, and the cells 
composing it appear to be rapidly proliferating. At its extreme end they block up 
the lumen of the canal so that the latter appears solid and the end of the canal 
fuses indistinguishably with the layer of similar cells covering the general surface 
of the disk. At the point of fusion there is a thick mass of these minute round 
cells forming a little elevation on the surface of the disk. This indicates the posi- 
tion of the future anal cone. Dendy was unable to find a distinct anal opening in 
the specimen. He believes that the facts support the view that the alimentary 
canal is formed by invagination from the oral end. 

At 12 days no great advance has been made on the condition presented by a 
nine days’ specimen. In one specimen the pentagon around the mouth, formed by 
the lips of the ambulacral grooves, has become notched into lappets all the way 
around, and in sections the alimentary canal is seen to have become very consider- 
ably complicated and folded upon itself. In sections of another specimen of this 
age the ambulacral epithelium and canals can be traced across the disk very nearly 
to the lip of the mouth; they present the same features as in the normal specimens; 
thus the canals exhibit the transverse muscle fibers found in ordinary specimens. 
The anal cone is still very small. 

At 19 days little advance is to be noted except in the further growth of the 
anal cone, which is now fairly well developed. Sections show a large body cavity 
in the anal cone, surrounding the terminal portion of the intestine, which latter 
is attached to the body wall by strands of connective tissue. 

In sections of a specimen of 21 days a blind diverticulum is visible, given 
oft from the alimentary canal at the junction of the stomach with the esophagus, 
as described by Ludwig in the normal animal. There is little to distinguish a 
regenerated specimen of this date from a normal adult excepting the smaller size 
of the visceral mass and the want of pigment upon it. 

The 43-hour stage is described from specimens of Antedon bifida taken at 
Millport on the Clyde, the other stages from specimens of A. mediterranea from 
Naples. 

Dendy suggests that, as the crinoids can have no possible power of food selec- 
tion, the facility of regeneration of the visceral mass may be an acquired provision 
for the rejection of poisonous or obnoxious food which has found its way into the 


alimentary canal. 
DETAILS OF ARM REGENBRATION. 


The histological details of arm regeneration have been studied by Perrier, 
and more recently by Reichensperger. The former in 1872 recorded the outward 
appearances of regenerated parts, and the inner structure, so far as it could be 
made out in stained and cleared specimens, while the latter worked along the 
most modern lines. 

Closure of the wound and degeneration of the cell elements Immediately after 
the fracture a certain amount of fluid escapes from the water vessel and from the 
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coelomic canals, which, so far as can be seen, contain very few cell elements, for in 
general the contents of these cavities are extraordinarily poor in lymph cells and 
similar structures. This fluid does not coagulate. 

The ventral epithelium, together with the underlying cutis, now degenerates 
with extreme rapidity and, by spreading over the openings of the water and celomic 
vessels, closes the wound, this closure being in many cases assisted by elements 
emerging from the canal containing the dorsal (mesodermal) nervous system. 
All the other brachial elements, such as the calcareous structures and the surfaces 
of the ligaments and muscles, remain uncovered. 

The course of the degeneration is entirely different in the different tissues. It 
is commonly most extensive in the epithelial elements, where the most specialized 
cells are first affected, the epithelial gland cells, the nervous elements, the sup- 
porting cells, etc., until finally a covering of loose fragments, granules, and fibers, 
which all fuse together, is formed. 

The degeneration of the water vessel is usually not extensive, nor is that of 
the coelomic canals and their epithelium. The most far-reaching degeneration 
is that experienced by the dorsal nerve cord, which, however, heals more rapidly 
than any of the other structures. 

In most cases degeneration commences without the intervention of phagocytes, 
and appears to result from the stimulus of the wound itself. 

There are two types of cells which function especially in degeneration and 
regeneration. The first of these are the lymph cells or phagocytes, which are 
present in all crinoids, though not especially numerous. They concentrate on, 
or in the vicinity of, places undergoing rapid degeneration, breaking down the 
injured tissues and carrying the residue away. ‘The particles, bits of dorsal liga- 
ment or muscle, or of other tissues, are surrounded with pseudopodialike processes 
and gradually removed into the interior of the animal there to undergo dissolution. 
This takes place rather slowly. Sometimes the phagocytes intrude into entirely 
sound tissue in the vicinity of the wound and there cause histolysis. 

The cells of the second type are the wandering cells which accompany the 
dorsal nerve cord and its branches in enormous numbers. As soon as a fracture 
occurs a great migration of these cells toward the wound begins. They elongate 
into wormlike shapes and stream along by the shortest possible path. At this time 
the wandering cells are very characteristic; they are more or less filled with a 
widely varying number of dark granules and little rods. That they come from 
a long distance is evident from the fact that, in spite of the lateral migration out 
of the dorsal canal over the surface of the wound, no perceptible gaps appear 
in the investment of the nerve in the mutilated arm. 

There appears to be a definite division of labor between the phagocytes and 
the wandering cells, the former being occupied principally in removing old tissue, 
the latter in bringing up new material for the regenerative processes. 

Rebuilding of the water tube and of the ewlomic canal._—The degeneration 
of the water tube is very limited in extent. After it has remained closed for a 
longer or shorter period, depending on the seriousness of the injury, a little cap 
appears which at the most consists of three compact layers of cells, often of only 
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one, beneath which the lumen can be discerned. Regeneration proceeds through 
cell proliferation, cell division being always mitotic, though on account of the 
small size of the elements involved this is not always easy to determine. Reichen- 
sperger is of the opinion that cell division ensues periodically, since it oceurs not 
only in the youngest portions of the regenerated part, but often may be observed 
in addition far below it, sometimes in the form of a belt or girdle about the water 
tube. 

Simultaneously with the cell proliferation of the water tube begins the regener- 
ation of the ectoderm and of the mesenchyme. In the young bud the various 
elements can not be differentiated, all consisting of rounded or angular cells of 
different forms which sometimes show small processes. These cells multiply and 
fill the cavity under the protecting cap, and gradually three layers differentiate 
themselves, ectoderm, mesoderm, in which the peripheral layer is composed of 
somewhat cubical cells while the inner mass is made up of more characteristic 
cell types, and the epithelium of the water tube. The ccelomic epithelium also 
appears as a layer of flat cells. Among the other cells may be found misshapen 
wandering cells with granular contents, but there are no true phagocytes or lymph 
cells. 

The rebuilding of the various structures thus results from a proliferation from 
the parts remaining in the stump, the necessary material being supplied by the 
wandering cells. 

In the further development of the regenerating bud there gradually appears 
a partial separation of the heretofore single, somewhat crescentic, ccelomic cavity. 
This turns dorsally and divides into two sections, a broader ventral and a more 
rounded dorsal. At first both parts are in open communication, but very soon 
individual cells on opposite sides of the coelomic endothelium protrude and, form- 
ing connecting processes, divide the two sections of the ccelome more definitely. A 
little later there is a similar outgrowth of connective tissue from that portion of 
the ccelomic endothelium which lies on the water tube, which also at first consists 
only of the thread-like processes of the cells. When the processes of the cells reach 
the transverse septum the ventral canal is divided into a right and left half, as in 
the case of normal arms; but communication between the dorsal and the two ventral 
canals is always maintained by broad lacune. 

The first appearance of an evagination which will eventually result in the 
formation of a tentacle or of a pinnule can always be perceived from the accelerated 
cell division in the region of the water vessel. 

Dorsal and ventral nervous systems—Thanks to the presence of a cover- 
ing of wandering cells the degeneration which takes place in the dorsal nerve 
cord is usually extremely slight, and immediately after the injury the growth of 
new fibers commences from the stump. These new fibers are chiefly laid down by 
new ganglion cells formed from the endothelium of the dorsal canal, in which some 
of the cells become distinctly larger than the others, separate themselves off more 
or less, sometimes forming a distinct layer, and gradually become differentiated 
into typical ganglion cells, with processes and vesicular nuclei. 
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In the regenerating arm the nerve fibers at first lie directly upon the endo- 
thelium of the dorsal canal, and it is some time before the lateral ingrowth of con- 
nective tissue and the development of the calcareous substance of the ossicles forces 
them away from the dorsal canal and into their normal position. 

Subsequent growth of the dorsal nerve cord proceeds normally. It is ensheathed 
by wandering cells, and ganglion cells can be made out along its course. At four 
points the latter occur in considerable numbers, and in these regions the cord 
thickens and becomes drawn out into branches which lead to the ends of the dorsal 
ligaments, and which, in combination with the ganglion cells previously described, 
which at first are somewhat elongated and possess numerous processes which later 
unite with the nerve fibers, innervate the dorsal ligament. 

The rebuilding of the ventral portion of the mesodermal nervous system, which 
runs on either side of the water tube, follows a course parallel to that of the dorsal 
portion of the same nervous system, but lags behind the regeneration of the other 
brachial elements. 

The two ventral nerve cords are formed from the endothelium of the water 
vessel by a proliferation of cells into the connective tissue, which results in a 
thickening of the walls on either side, and from the elements of these thickened 
walls ganglion cells are differentiated; in other words, they arise exactly as the 
dorsal nerve cord. 

Reichensperger found that the destruction of the dorsal nerve in the stump of 
a mutilated arm usually induces autotomy beyond the injured region; but if this 
does not occur regeneration is retarded for about 10 days, suggesting that it is 
necessary for the nerve to regenerate before a general rebuilding can take place. 
From this he assumes that it is the dorsal nerve cord which plays the most im- 
portant part in regeneration. It is possible, however, that the retardation of 
regeneration under these conditions results rather from the effect on the wandering 
cells than from the damage to the nerve itself. 

It is probable that in the larve the development of the mesodermal nervous 
system will be found to follow the lines indicated by Reichensperger in regenerat- 
ing pinnules and arm tips, for in regeneration the ectodermal nerves follow the 
same course as in ontogeny. 

Since it has been demonstrated that in the young larve the ectoderm so com- 
pletely fuses with the mesoderm that no dividing line can be found between them, 
the idea suggests itself that the so-called mesodermal nervous system in reality 
owes its origin to cells primarily ectodermal which have passed downward into the 
mesodermal tissues. 

During the early stages of regeneration the cells in the connective tissue 
become more and more noticeably differentiated, and the epithelial cells with their 
supporting processes become more and more distinct from those of the underlying 
cutis. Correlatively the evagination of the tentacles from the water tube begins, 
which is accompanied by a parallel extension of the connective tissue and epi- 
thelium of the arm on the ventral side. A process similar to that which has taken 
place in the endothelium of the dorsal canal now occurs in the single-layered epi- 
thelium of the ambulacral groove. Several layers of cells are formed which 
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undergo wide differentiation. First, moving out from the innermost portions, 
ganglion cells appear, though only in relatively small numbers, followed by sup- 
porting cells, and later, when the tentacles have entirely regenerated, epithelial 
gland cells are formed. The schizocwle cavity appears rather early. The cilia 
are rather later in making their appearance. 

Reichensperger believes that the rebuilding of the epithelial nerve layer for 
the most part can be traced back to the outgrowth of the original nerves, but that 
the newly formed ganglion cetis also assist m the reconstruction to some extent. 

Genital cord—The genital cord undergoes extensive degeneration. In in- 
dividuals not sexually mature it shrivels and disintegrates as far as the branch 
given off to the preceding pinnule, though in sexually ripe animals the degenera- 
tion is much less far reaching. In both cases regeneration proceeds in the same 
way, proceeding exclusively from the unchanged portion and progressing rapidly 
once it has set in. 

First a bud is formed from the approximate walls of the genital canal and 
genital tube, to which the genital cord apparently also contributes. This bud 
penetrates the very loose connective tissue which separates the divisions of the 
brachial ccelome, and its various elements become reassorted. 

Differentiation of the elements in the genital cord occur very early, numerous 
cells becoming converted into germ cells. 

Muscles and ligaments——In well-advanced regenerating buds the first indica- 
tion of the formation of the muscles and ligaments consists in the accumulation of 
mesenchyme cells in certain definite regions. The muscle cells make their appear- 
ance somewhat later than those of the dorsal ligament, coy at first are only with 
difficulty distinguishable from the latter. 

The dorsal ligament cells are oval and somewhat elongated, with a finely 
dotted plasma and a moderately large nucleus, containing usually several large and 
many small nuclear bodies. They collect at the ends of the ossicles and move 
toward the dorsal nerve cord, in the immediate vicinity of which the oldest cells 
are found. 

The cells now elongate, and fine fibers can be made out. Whether these fibers 
are internal, or whether the cell rests upon them, has not been definitely determined. 

When the formation of the fiber bundle is completed the cells are entirely 
different in appearance. The nucleus stains so intensively that no details can be 
distinguished. The amount of the now homogeneous cytoplasm gradually dimin- 
ishes until it is present only as a thin clear film about the nucleus. From the cells 
more and more fine fibrils are produced which in the middle lie closely together, 
but at either end become spread out brush-like and, gradually turning toward each 
other within the meshwork of the skeletal pieces, finally meet, producing regular 
bows or loops. These loops lie usually in several or numerous rows, and the 
farther they are from the middle of the fiber bundle the more isolated are the 
fibers and the more difficult it becomes to differentiate them. 

Often, especially in the earlier stages, only the fibers of a single bundle join to 
form a loop, but later the fibers of neighboring bundles become knotted together. 
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Each fiber bundle, and not each individual fiber, possesses a nucleus, and, 
though the individual fibers of each bundle are more or less widely separated at 
the ends, they are all closely packed together in the middle. 

The muscles arise from elements which are quite similar to those from which 
the dorsal ligaments are formed. The primitive muscle cells are somewhat larger 
than the primitive ligament cells, and their plasma appears streaked rather than 
dotted. The nuclei possess a single prominent nucleolus. Before such cells are 
further differentiated a mitotic division almost always occurs, preceded by a dark- 
ening of the nucleus and a disappearance of the nucleolus. 

After this division, which takes a normal course, the two daughter cells, which 
usually lie close together, become curiously altered. The nucleus becomes larger 
and shows two nucleoli, and the cell plasma becomes drawn out toward the two 
ends. Soon the cell becomes still more elongated and pointed at the ends, the 
nucleus becomes oval, and in place of the two nuclear bodies only a single larger 
one is found. At this stage the formation of the first fibrille occurs. 

In the next stage the number of the fibrille has greatly increased, and the 
young muscle fiber forms a twisted band. Whether this twist has any connection 
with the subsequent spiral striping has not been determined. 

Each individual fiber terminates in a distinct dark point on the calcareous 
ground substance, but whether it comes into actual contact with the calcareous 
matter is not known. 

In the growing fiber a special type of granulation is visible in the sarcoplasma ; 
the nucleus is elongated and shows a small vesicle, with nuclear bodies. On the 
insertions compact plates have developed, in which the individual fibers can not 
be distinguished. These plates accommodate themselves to the contour of the 
meshes in which lie the skeletal parts. From the more intensive staining of the 
plates and of the adjacent ligamentous portion of the fibers it appears almost as 
if the attachment was brought about by a specially secreted substance. 

Minckert has pointed out that in the ontogeny of Antedon the brachials for 
some time after their appearance do not differ in form, and also that all are united 
in the same way. 

Regenerating brachials show the same thing, and for some time it is impos- 
sible to decide whether a given articulation will eventually become a muscular or 
a nonmuscular articulation. 

Skeletal structures—The rebuilding of the skeleton commences in the earliest 
stages and proceeds very rapidly. 

In /socrinus the regeneration of the calcareous structures is more rapid and 
more complete than in Antedon, and in Antedon mediterranea it is more rapid in 
animals taken from the sea than in those kept in captivity. 


DETAILS OF THD REGENERATION OF THE CIRRI. 


The regeneration of the cirri, total or partial, proceeds along the same lines 
as the regeneration of the arms. 

The closure of the wound takes place much less actively and is less extensive 
than is the case in the arms, and fewer connective tissue elements and wandering 
cells are involved. 
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In the case of partial loss the wound sometimes simply heals over with no 
restitution of the missing part. This occurs frequently in the terminal portion 
of very long cirri, such as those of the species of Ptilometrine. More commonly, 
however, there forms in the course of a few days a small bud, apparently con- 
sisting of ectoderm and mesenchyme elements which can not be differentiated. 
Later an epithelium of more or less cubical cells appears. Meanwhile, with the 
usual cell proliferation and active cell division, the endothelium of the cirrus canal 
and of the enveloping nerve sheath begins to regenerate, and there is formed, 
projecting into the bud, a hollow finger-like cap over the end of the canal. Imme- 
diately there appear the beginnings of the skeletal structures in the form of a 
fine spicule which gradually enlarges into a fenestrated plate. 

As in the case of the arms, the chief stimulus for the growth of the regenerating 
bud appears to come from the nerve, about the periphery of which rapid cell 
formation takes place. 

While in old cirri the band of connective tissue which divides the cirrus vessel 
into two halves appears more or less solid, in the regenerating buds it is clearly 
composed of two bands, which form a sort of canal. Reichensperger considers it 
probable that a nourishing fluid passes along this canal and out of its open end to 
the actively proliferating cells. It may be a blood vessel, since it is connected with 
the connective tissue of the axial organ, which certainly contains blood vessels. 


EMBRYOLOGY AND DEVELOPMENT. 


The embryology and development of four closely related species of comatu- 
lids—Antedon bifida of the Atlantic coasts of France and England, Antedon medi- 
terranea of the Mediterranean, Antedon adriatica of the Adriatic, and Antedon 
moroccana of the northern coasts of Africa—have been studied by a number of 
able investigators, and the chief features are now relatively well understood. 

The latest and most exhaustive work has been done upon Antedon adriatica, 
and this, monographic in scope, includes a comparative account of the conclusions 
reached on every point by all the previous authors. 

The major part of the investigations have been carried out on Antedon medi- 
terranea, and upon the embryology and development of this type we have two 
most excellent treatises, besides numerous scattered notes. 

Antedon moroccana has served as the basis for very detailed studies, but the 
results have been somewhat obscured by the fact that it was not differentiated 
from Antedon bifida and A. mediterranea, both of which were under consideration 
at the same time. 

All of the pioneer work was based upon Antedon bifida, but since the middle 
sixties this particularly interesting species has received no attention, thanks to 
the greater availability of material of the Mediterranean forms. 

The first step in the study of the development of recent crinoids may be said 
to have been taken by John Vaughan Thompson, who in 1827 published an elabo- 
rate memoir upon a supposedly new small stalked crinoid which he had discovered 
in the Cove of Cork, Ireland, and which he called Pentacrinus europeus. This 
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discovery of a stalked crinoid in European waters aroused very considerable 
interest and was widely noticed. Subsequent study of these small creatures showed 
that instead of being adult pentacrinites they are in reality only the young of 
the common comatulid of the Irish coasts, Antedon bifida—a discovery which 
Thompson announced in 1835. 

Thompson found that the ova are developed in conceptacles formed by the 
thickening of the membranous expansion within each of the first 15 or 20 pairs 
of pinnules beyond the oral pair, and that the ova make their exit through a round 
hole in the fascial side of each conceptaculum, “ still, however, adhering together 
in a roundish cluster of about a hundred each.” 

In the same year Dujardin also noticed the development of ova in the pinnules 
and their escape through apertures formed in the integument in Antedon medi- 
terranea at Toulon. 

In spite of the seemingly conclusive accounts of Thompson and Dujardin, 
Edward Forbes in 1841 stated that spermatozoa only are found in the swollen 
pinnules and mistook the sacculi for ovaries. From original observations made 
in Dublin Bay he confirmed the identity of Pentacrinus europeus with Antedon 
bifida, in regard to which Dujardin was somewhat doubtful. 

The existence of a free-swimming larval stage in the comatulids had not as 
yet been demonstrated. In 1851 Wilhelm Busch, a pupil of Johannes Miiller, 
published an account of such a larva which he had found during a visit to England 
and Scotland, but he did not succeed in tracing its development. Incidentally the 
larva he describes and figures, which resembles to a striking degree a holothurian 
pupa, is abnormal, representing a rather frequent type of precocious development. 

In 1863 Professor Allman published a memoir upon a prebrachial stage in the 
development of the stalked larva of Antedon bifida, his material consisting of a 
single specimen which he had obtained on the coast of South Devon. 

Two years later Sir C. Wyville Thomson published an excellent account of the 
early stages of Antedon bifida, which was supplemented in the following year by 
the masterly work of Dr. W. B. Carpenter upon the later developmental stages of 
the same species. 

In 1873 Prof. Edmond Perrier published a short paper which marks his entry 
into a field where later he was to achieve so much distinction, and in 1876 Gdotte 
published the results of his studies on the comparative embryology of Antedon 
mediterranea. In the next few years Professors Hubert Ludwig and Elias Metsch- 
nikoff made notable contributions to the developmental history of the same species, 
though from the anatomical rather than from the embryological standpoint. 

In the eighties original investigation and philosophical consideration of the 
development of Antedon were undertaken with renewed vigor, the former because 
the many new refinements of technique had made more accurate work possible, 
the latter as a result of the wonderful wealth of fossil forms recently discovered. 
During this decade Perrier made numerous original contributions to the subject, 
culminating in his exhaustive and elaborate monographic survey of the field based 
mainly upon Antedon moroccana and A. bifida, which was published in 1886. 
Professor Jules Barrois, in addition to some short papers, published an excellent 
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comprehensive treatise dealing with the young of Antedon mediterranea; Wachs- 
muth and Springer dealt with the development of the crinoids from the palwon- 
tological side; Sladen considered the comparative embryology of all the echino- 
derms; while Vogt and Yung gave the results of some original observations and 
made some remarks upon the possible interpretation of certain structures. The two 
Challenger volumes by P. H. Carpenter, together with his numerous short 
papers, and the memoirs of Henry Bury on the development of Antedon medi- 
terranea and on the comparative development of the echinoderms call for 
special mention. Basing their opinion upon the orientation of the interradial 
angles of the centrodorsal and its significance in the light of their well-known 
law, Wachsmuth and Springer in 1885 had arrived at the conclusion that Antedon 
is in reality a dicyclic genus and had suggested that, though no infrabasals had 
ever been found, these plates might eventually prove to be present in the young. 
P. H. Carpenter had subjected the law of Wachsmuth and Springer to very spirited 
criticism and had brought forward what appeared to him to be insuperable 
objections to it. He was especially emphatic in his denial of the possibility of the 
occurrence of infrabasals in Antedon. It remained for Bury finally to settle the 
question by his discovery of infrabasals in this genus. 

The only comprehensive work published since the appearance of Bury’s paper 
is that of Dr. Oswald Seeliger on the early stages of Antedon adriatica. In this 
the segmentation of the ovum and the development of the embryo and larva up to 
and including the so-called prebrachial stage are treated in minute detail. De- 
tailed explanations of the differences between his results and those of previous 
investigators add much to the value of the memoir. 

The development of Antedon adriatica may be summarized as follows: 


CLEAVAGE, 


The first division always begins shortly after 8 o’clock in the morning. It 
appears as a shallow furrow on the animal pole, which gradually extends to the 
opposite pole, at first superficial, later sinking deeply into the mass of the egg. 

For a time the two blastomeres appear to be united at the vegetative pole by 
a narrow bridge of protoplasm, but this eventually gives way, leaving two equally 
large well circumscribed cells mutually adherent through a circular area. 

In well-prepared material the nuclei of the two blastomeres can always be 
made out, lying nearer the animal than the vegetative pole; but the large amount 
of yoke sometimes makes this more or less difficult. 

In most cases two little bodies can be seen between the cells, which are prob- 
ably polar bodies. 

Because of the fact that the embryo very soon acquires a monaxial structure, 
in which the plane of the first cleavage can no longer be determined, it has not been 
definitely proved whether or not the two first blastomeres correspond to the two 
body halves of the bilateral larva. The chief axis through the animal and vege- 
tative poles, however, can be traced through all the stages, and it is not difficult 
to prove that it corresponds to the major axis of the larva. 
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Twenty minutes after the inception of the first division a part of the eggs have 
already divided into the four-cell stage, the remainder soon following. The second 
division runs meridionally like the first, and at right angles to it, so that four cells 
of equal size are formed with between them a free canal running along the axis 
passing through the animal and vegetative poles, the first beginnings of the cleav- 
age cavity. Each of the four cells thus rests upon the two neighboring cells, but 
not upon the opposite cell. 

At the funnel-like opening of the central canal at the animal pole one, or even 
two, polar bodies may often be observed. 

The third cleavage plane runs parallel to the equator, though not equatorially, 
for it lies nearer the animal than the vegetative pole and thus divides the embryo 
into four smaller and four larger cells, which are directly superimposed. 

As in succeeding stages the cleavage cavity is now smaller at the animal pole, 
where it is surrounded by the smaller cells, than at the vegetative pole, where it 
appears between the larger cells. 

The embryo is now quadrilateral; but a definite relation between these quad- 
rants and the body regions in the later embryo has not been determined. 

The next division first begins at the animal pole and divides the four small cells 
into eight of approximately equal size. The division of these four cells is usually 
not everywhere entirely synchronous. 

As a rule the furrows first appear on the four vegetative cells after all four 
of the animal cells are entirely divided; as in the case of the cells at the animal 
pole, the division of the vegetative cells is not always synchronous. 

As a result of these divisions the inner borders of the eight cells of the animal 
pole retreat a little from the major axis, so that the cleavage cavity becomes wider, 
while at the vegetative pole no change takes place. 

The following division runs equatorially and divides the eight smaller cells at 
the animal pole into 16 of approximately equal size. The embryo is thus composed 
of 24 cells, arranged in three superposed zones. 

After the division of the animal cells is completed, indeed often while it is 
still in progress, the newly formed blastomeres rearrange themselves in such a way 
as to bring about the complete closure of the orifice at the animal pole. This is 
accomplished rather quickly, often before the end of the 24-cell stage; before the 
completion of the 32-cell stage the orifice is invariable closed. 

This rearrangement of the cells at the animal pole does not always take place in 
exactly the same way. Sometimes one of the small cells moves out of the ring 
surrounding the opening more or less completely into the line of the major axis, 
while again all eight of the cells about the opening may move toward each other in 
such a way as to close it. The examination of a large number of embryos at this 
stage shows very diverse conditions at the animal pole, making it clear that the 
rearrangement of the cells is brought about in various ways. 

The 32-cell stage following arises from the 24-cell stage through the appear- 
ance of furrows, parallel to the equator, which divide the eight vegetative cells. 
These furrows do not always appear simultaneously on all the cells, and they are 
not equidistant between the equator and the pole, but slightly nearer the former, so 
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MENTARY PLATES. 878. SAME, SIDE PLATE VIEWED FROM INTERIOR. 879. THALASSOMETRA VILLOSA, 
880. SAMB. 
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that the eight vegetative cells are divided into eight smaller, bordering the lower 
tier of animal cells and not markedly different from them in size, and eight larger, 
surrounding the vegetative pole. 

Though the orifice at the animal pole is always closed at this stage, that at the 
opposite pole always remains open; but a certain amount of rearrangement of the 
cells about the pore takes place which, though very diverse in its manifestations, 
always tends to narrow the opening, causing it to appear slit-like and forecasting 
its eventual closure. 

The 48-cell stage, resulting in an almost perfectly spherical larva, in appear- 
ance a blastula, is brought about by the division of the 16 animal cells, which were 
originally arranged in two superposed zones of eight each. The shifting about of 
these cells before, during, and after this division causes great irregularity in the 
position of the division planes of many of the individual cells; but these division 
planes can all be traced back to an originally meridional position. 

At this stage a rearrangement of the eight vegetative cells immediately sur- 
rounding the apical orifice takes place, which results in its complete closure, and 
also causes a slight flattening of the vegetative pole. 

The ensuing division of the vegetative cells gives rise to a 64-cell blastula, in 
which the vegetative cells are noticeably larger than the others. 

As a result of the crowded conditions under which the embryos exist when 
attached to the pinnules of the mother, combined with the mechanical weakness of 
a 64-cell blastula, the larve at this stage almost invariably depart slightly from the 
perfectly spherical form, usually showing a more or less pronounced flattening 
on one side. 

From this stage onward the cells do not divide with the previous regularity, 
some of them outstripping the remainder in development. As a result of this a 
regular 128-cell blastula rarely, if ever, occurs. 

As in other echinoderms, the cells of the blastula on commencing to divide 
tend to assume a globular form; toward the end of the division the daughter cells 
again transform into longer prismatic cells. 

After division the eleersati content of the daughter nuclei is diminished, in- 
creasing again at the inception of a new division. 

It is an interesting fact that throughout the greater part of the development the 
embryos on a single mother are at any given time at approximately the same de- 
velopmental stage. This is especially true in the early part of embryonal life. 


GASTRULATION, 


Figs. 1815, 1316, pl. 46. 


Gastrulation begins scarcely seven hours after the initial appearance of the 
first cleavage furrow. A cell lying at the vegetative pole sinks inward on the 
spot originally occupied by the cleavage pore; a neighboring cell does the same, 
and others soon follow, so that there is formed at the vegetative pole a very 
narrow, shallow, and slitlike furrow, which later becomes elongated and is 
sometimes interrupted here and there, in length about equal to one-fourth of 
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the circumference of the embryo, from the borders of which the invagination of the 
entoderm takes place. 

The monaxial blastula has thus become a bilateral gastrula. 

The inner cavity is, as in the preceding and succeeding stages, filled with 
an albuminous substance. 

Both the ectoderm and entoderm cells are more or less prismatic in shape, 
and in both series the cells are arranged in a single layer. 

The nuclei of the ectoderm cells lie in their outer halves, often very near 
the periphery. In the entoderm cells they occur mostly in the middle. In the 
cells which, as a result of the abrupt folding, are more or less pyramidal in shape, 
they lie in the broad cell end, whether this is toward the lumen of the primitive 
gut or toward the primary body cavity. 

Among the prismatic cells there are in the ectoderm a number of globular cells 
situated exteriorly and excluded from the primitive body cavity by the arching 
together of the neighboring prismatic cells beneath them. These are ectoderm cells 
undergoing division. 

The number of cells in the blastula continues to increase. The elements of the 
single-layered ectoderm become relatively higher and narrower, while those of the 
entoderm appear by contrast more rounded. The lumen bounded by the latter 
always retains the form of an elongate very narrow fissure. 

While at the time of the first formation of the blastopore the gastrula was 
bilaterally symmetrical, this is no longer true, for the invagination of entoderm 
cells takes place with slightly greater rapidity on one side than on the other, and 
the blastopore, now more or less constricted in the middle, where the invagination 
is deepest, is placed somewhat diagonally. There is considerable variation in the 
form of the blastopore as well as in that of the primitive gut. 

During the entire course of the first night the embryo continues in the gastrula 
stage. The cells increase in number, and mesenchyme formation begins in the 
entoderm. 

The blastopore now has the form of a narrow crescent the concave side of 
which corresponds, within the embryo, to the side toward which the entire mass of 
invaginated cells bends over. That is to say, within the gastrula there is a more 
extensive free body cavity on the side of the primitive gut corresponding to the 
convexity of the blastopore than on the other. 

As in the preceding stage, there is considerable variability in the form of the 
blastopore and of the primitive gut. 

It is possible with a reasonable degree of correctness to indicate the orienta- 
tion of the 16-hour gastrula in terms of the free-swimming larva. The side toward 
which the primitive gut leans will become the ventral. As the blastopore is 
posterior the right and left sides are also determined. 

In some cases embryos of older stages are found in which the anterior 
(innermost) end of the primitive gut is turned toward the dorsal instead of 
toward the ventral side, later reversing its position. It is thus evident that the 
side toward which the gut leans at this stage is not necessarily the ventral side. 
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Only with a similar reservation can the ventral side of the 10-hour embryo 
be inferred from that of the 16-hour stage, for in intermediate stages the 
gut often appears straight, so that the surface toward which it inclines at first 
is not necessarily that to which it will eventually be curved. 

When preparing to divide the ectoderm cells contract and, withdrawing to 
the exterior of the cell layer, there form large globular cells widely excluded from 
the primitive body cavity by the meeting of the adjacent prismatic cells beneath 
them. On sections these neighboring prismatic cells show more or less extensive 
incisions corresponding in outline to the outline of the globular cell. After division, 
which occurs in the usual way, the daughter cells elongate and push their way 
down between the surrounding prismatic cells until their inner ends reach the 
primitive body cavity, becoming in the process indistinguishable from these. In 
sagittal sections of the ectoderm which show the prismatic cells as five or six 
sided polygons their nuclei are sometimes seen undergoing division, so that it 
may be inferred that it is not always necessary for the ectoderm cells to assume 
the globular form preparatory to division. 

The entoderm cells differ from those of the ectoderm in their shorter and more 
rounded form. But among the relatively short and rounded cells there are 
numerous more slender prismatic cells of the same length as the others which 
possess two nuclei, resulting from the division of a mother nucleus, one of which 
lies toward the gut lumen, the other toward the body cavity. The appearance 
of these two nuclei is followed by the division of the cell body in such a way that 
one of the daughter cells borders the gut lumen, the other the body cavity. 

These daughter cells bordering the body cavity are first found at the blind 
end of the primitive gut and represent the mother cells of the mesenchyme. 

Between the typical entoderm cells there are others of approximately equal 
height, which toward the body cavity are swollen into a very thick, rounded base, 
and toward the gut lumen are drawn out to a fine point. 

The several-layered condition of the entoderm, which leads to the formation 
of the mesenchyme, appears to result not only from the division of the entoderm 
cells parallel to the surface as just described, but also from the formation and 
subsequent liberation of these top-shaped elements. 

All stages between the cells just emerging from the entoderm and the typical 
mesenchyme cells can be found. The process reaching in between the entoderm 
cells shortens and finally is entirely withdrawn, while at the same time the cell 
severs all connection with the entoderm. 

The typical mesenchyme cells, which in the primitive body cavity lie abun- 
dantly on the entoderm, are strongly rounded and invariably show a nucleus. 
They undergo division individually and independently. 

In the 19-hour embryo, as a result of continued cell division, the ectoderm cells 
have become shorter and the whole ectoderm layer therefore thinner. As the 
embryo has increased not at all or only insignificantly in size, additional ectoderm 
cells must have forced themselves through the blastopore opening, since the primi- 
tive gut sack has become more extensive, reaching quite across the primitive body 
cavity to the animal pole; indeed, in a cross section through the blastopore a 
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funnel-shaped opening is seen, at the base of which lies the very narrow (cres- 
centic) slit representing the blastopore opening of the preceding stage. 

At this stage the cells recently invaginated differ somewhat from those earlier 
pressed inward, but later an equalization of the differences occurs and a uniform 
entoderm results, from which mesoderm cells are usually given off as freely in the 
immediate vicinity of the blastopore as elsewhere, though frequently only from a 
circumscribed region at the blind end of the primitive gut. 

During the succeeding hours the formation of mesenchyme continues, while at 
the blastopore invagination still occurs, though now only to a limited extent. 

In these processes numerous cases of individual variation can be observed, not 
only in embryos of different animals, but also in those of the same pinnule of the 
same animal. The shape and form of the blastopore especially varies, it being 
frequently elliptical, and sometimes very small and almost circular. 

The increasing thinness of the ectoderm layer and the decreasing size of its 
constituent cells is explained by the loss of material through the extensive invagi- 
nation of the entoderm and the formation of the mesenchyme. 

The bilateral condition of the embryo has now become strikingly disturbed, 
for it is always to be observed that the left side of the end of the primitive gut lies 
nearer the ectoderm than the right, and that as a consequence mesenchyme cells are 
more numerous on the right side of the primitive gut than on the left. 


CLOSURD OF THE BLASTOPORD. 


In the stage last described (24 to 26 hours) the blastopore was perceptibly nar- 
rowed. This process continues, and 36 hours after the inception of cell division 
practically all of the embryos have the blastopore closed and the primitive gut in 
the form of an isolated sack. 

The embryo is now, as in the preceding stage, approximately spherical; its 
diameter has become somewhat larger than that of the egg, measuring 0.27 mm. 

In the cases where the blastopore in young embryos exists as a narrow slit 
the closure takes place in two different ways, beginning either at or between the 
ends. If the closure begins toward the middle of the blastopore and does not ad- 
vance with exactly the same speed on both sides, the last trace of the blastopore does 
not lie precisely in the major axis. 

The line of closure can be demonstrated in the ectoderm for a considerable 
time as a channel-like shallow depression, which is indicated-by the small size of 
the bordering ectoderm cells and by a slight indentation. This furrow persists 
for a long time after the detachment of the entoderm. 

When once the adjacent cells have become the same as the other ectoderm cells 
the furrow vanishes. The smoothing out of this furrow follows the same course 
as the original closure of the blastopore. At the last only a socket-like cavity can 
be detected over the place where the blastopore was, and soon even this disappears. 

Meanwhile the primitive gut has assumed the form of a constricted sack and 
from the presence of the groove over the location of the original blastopore it is 
possible to determine that this constriction has taken place in the direction of the 
major axis. 
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Histologically essentially the same conditions are found as in the preceding 
stage, but all of the cells have become smaller as a result of the continued division. 
In the ectoderm the traveling of the nuclei toward the inner ends of the cells has 
made progress. On the outer side of the ectoderm, between the long narrow pris- 
matic cells, lie the globular cells in process of division. 

The entoderm cells are of very different shapes and lengths; some of them, 
lying on the lateral borders, exceed considerably the longest ectoderm cells. Lat- 
erally and posteriorly the primitive gut is composed of a single layer of cells, and is 
sharply differentiated from the body cavity. While in this region only isolated 
cells sporadically leave the entodermal epithelium to become mesenchyme cells, this 
process continues very actively and uninterruptedly over the anterior end of 
the gut. 

The mesoderm cells, which now fill the major portion of the body cavity, are 
mostly more or less spherical in shape, with the nuclei either resting or undergoing 
division. 

In a slightly more advanced stage mesoderm cells have pushed themselves in 
between the posterior portion of the primitive gut and the ectodermal layer, and 
the furrow which indicated the course of the blastopore has disappeared save for a 
slight indication in two or three sections. 

In other embryos of this same age the course of the original blastopore can no 
longer be made out on the spherical body wall, though its location may readily be 
determined through the close approximation of the now detached primitive gut to 
the ectodermal wall. 

Often at this stage the two crossed axes can not with certainty be determined, 
in which case the embryo again exhibits an almost monaxial structure which is dis- 
turbed only by the slight displacement of the gut sack ventrally and toward the left. 
In numerous embryos, however, the detached primitive gut remains in the trans- 
verse axis and the blastopore slit is somewhat more elongated and persistent, so that 
bilaterality is demonstrable. Both types are found side by side on the same mother, 
and it may be that the first condition is a more advanced stage of the second. 


DIVISION OF THD PRIMITIVE GUT INTO MESENTERON, PERITONHAL SACK, AND PRIMARY HYDROCCLD. 


During the second night the division of the primitive gut into two sections 
begins. This is effected through the appearance of a groove encircling the gut sack 
at right angles to the major axis of the embryo, which presses the cells inward before 
it, forming a sphincter-like constriction. As the cells are pressed inward the com- 
munication between the two sections of the gut becomes more and more restricted 
until finally it is entirely interrupted. The last trace of this intercommunication 
always lies in, or very near, the chief axis. 

The two sections of the primitive gut always differ in size, though this differ- 
ence is subject to individual variation and is often very slight. The anterior section 
is the larger, later becoming the mesenteron and hydroccele, while the smaller hinder 
section gives rise to the ccelome. 

Only at the very first appearance of the groove do the lumina of the two por- 
tions of the gut appear similar, in sections cut across the chief axis asa series of 
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circles of different diameters, and in sections cut parallel to this axis as a pair of 
ellipses, with the longer axes parallel. 

The more the separation of the two sections progresses the more strongly comes 
out the contrast between them. First the posterior section becomes more and more 
strongly compressed dorsoventrally, and laterally elongated parallel to the blasto- 
pore slit, so that it assumes an almost tubular form. The anterior section then 
extends itself ventrally and dorsally partially around the tube-like posterior por- 
tion, so that in section the lumen of the former appears as a narrow crescent stretch- 
ing dorsally and ventrally just beyond the broadly elliptical lumen of the latter, 
which runs from right to left. 

At this stage there is no clearly marked bilateral structure which can be 
followed with certainty through all the following changes to the fixed pentacrinoid. 
The major axis, equivalent to the longitudinal axis, can be determined in the 
earliest division stages. The tube-like posterior section of the primitive gut runs 
from right to left. The ventral and dorsal sides are at first almost identical, except 
that on the ventral the entodermal sack reaches nearer the ectoderm than on the 
other. In the same way the right and left sides are never exactly the same. Very 
soon, when the dorsal and ventral sacks become differentiated, symmetry of the 
bilateral type becomes again established. 

During the division of the primitive gut the region from which the mesen- 
chyme cells are given off becomes more restricted and finally reduced to a small 
area of the anterior wall of the upper entoderm sack in the immediate neighbor- 
hood of the major axis, mesenchyme cells at other places appearing only sporadi- 
cally. It is therefore to be assumed that the mesoderm cells which push in 
between the ectoderm and the posterior sack have arisen through the division 
of those earlier formed. 

The form and size of the cells in the three germ layers, which were already 
differentiated in the 26-hour embryo, have meanwhile become appreciably altered. 
All the cells have increased in number and decreased in size, and their yolk 
elements have diminished and in part been already entirely consumed. 

In the ectoderm there are found, as in the earlier stages, globular elements 
in process of division among the high prismatic cells, the nuclei of which he now 
in the inner ends. But with the migration of the nuclei into the mner ends of 
the cells the distribution of these globular elements undergoes a change, for 
they are now not confined to the outer portion of the ectoderm but occur, though 
in small numbers, also on the inner surface toward the body cavity. 

The walls of the ccelomic (posterior) sack, like those of all the epithelial 
structures of the embryo, are of one layer of cells, but the shape of the individual 
cells varies considerably. Here again appear the globular cells representing the 
prismatic cells in process of division, though cell reduplication also occurs by the 
direct division of the prismatic cells themselves. 

In the anterior sack the differences in form of the individual cells are more 
considerable than in the posterior. Here also cell division occurs both directly 
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and through the intermediary of globular cells. From the anterior end of this 
sack mesenchyme cells continue to arise. 

When the mesenchyme cells are abundant many of them, through mutual 
pressure, appear polyhedral. The difference in the chromatin content of the 
nucleus in the resting stage and at various steps during mitosis is especially 
striking. 

The relative paucity of chromatin in the nuclei in the resting stage lying in 
a plasma always rich in yolk renders them very difficult to see, and this is possibly 
the reason for the numerous figures of mesenchyme cells without nuclei which 
have been published. 

In the entoderm cells also a change in the amount of chromatin in the nuclei 
can be detected at different times, though the differences are less considerable 
than in the mesenchyme cells. In the ectoderm cells, on the contrary, the amount 
of chromatin appears to be constant at all times. 

In the following stage the posterior ccelomic sack becomes more and more 
elongated laterally, somewhat constricted centrally, and broadened at the two ends. 

The anterior section of the primitive gut has continued its growth about 
the posterior section, which, with its recurved ends, it now incloses. 

In almost all of the embryos the ectoderm of the ventral side has now become 
somewhat thicker than that of the dorsal, though frequently this first occurs some- 
what later. This broad zone of higher ectodermal cells on the ventral side 
indicates the position of the subsequent vestibular invagination. 

Histologically the conditions at this stage are essentially the same as in the 
preceding. 

Slightly more developed embryos show the ectoderm becoming locally differ- 
entiated, so that in longitudinal sections there can be distinguished four trans- 
verse bands and a terminal ring in which the nuclei are more lightly colored 
and lie more closely together than elsewhere. At this time these zones are broader 
than the intermediate zones (though later the reverse is true) and are somewhat 
irregular, of varying breadth and in places only slightly differentiated from the 
neighboring region. The sharp differentiation of the ciliated bands from the 
remainder of the ectoderm is first noticeable at about the sixtieth hour. 

The celomic sack has now become more constricted centrally, while the two 
ends have become swollen anteriorly, so that two rather extensive lateral pockets 
are formed which are connected by a minute canal. Since their growth has 
been especially dorsalward they appear here much less widely separated than 
ventrally. In a median section the canal connecting them shows a thick wall 
with a very small lumen. Histologically the structure is essentially the same 
as in the preceding stage. 

The two median processes of the anterior sack, which lie dorsally and ven- 
trally, above and below the canal uniting the coelomic pockets, have curved them- 
selves around this last until their blind ends lie behind it. 

The more extensive central portion of the anterior sack lies closely appressed 
to the canal uniting the two celomic sacks. Its walls are everywhere composed 
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of one layer of cells. In some embryos a few mesenchyme cells are given off 
in the immediate vicinity of the major axis, while in others this process has 
already ceased. 

From this central portion ventrally there stretches an extensive process, the 
hydrocele, which at first maintains a broad connection with the remaining parts 
of the anterior sack. 

The beginnings of the parietal canal can often, though not always, be deter- 
mined at this stage. It first shows itself as a small evagination of the anterior 
wall of the mesentero-hydrocele sack lying anterior to the union between the two 
ceelomic pockets on the border of the positions of the gut and water vessel. 

While in the cases described both sections of the primitive gut are entirely 
cut off from each other, equally old and almost equally organized embryos can 
be found in which a union between the coelomic and mesentero-hydrocele portions 
is demonstrable near the major axis. 

The primitive body cavity is now entirely filled with mesenchyme cells, which 
have greatly increased in number. Most of them are approximately spherical, 
but many are pear-shaped, while others exhibit a tendency to send out processes 
and to become star-shaped. The varying amount of chromatin in the nuclei of 
these cells is readily demonstrable. 


FORMATION OF CILIATED BANDS, LARVAL NERVOUS SYSTPM, AND ALTERATION IN POSITION OF INTERNAL ORGANS 
(60 To 84 HOURS). 


During the third night very important changes take place in the embryos, 
though the developmental advances are no longer as completely synchronous as in 
the younger stages. Only in rare cases now does one find all the embryos on a 
single mother at an equivalent developmental plane; usually the variations ex- 
hibited are considerable. Thus on the fourth day there are found, in immediate 
proximity to the older stages, others which have lagged behind 12 or 14 hours, so 
that it is possible to study in the embryos from a single mother all the changes which 
have taken place during the night. 

Externally the embryos of this age are without exception characterized by 
an elongation along the chief axis, and by five transverse ciliated bands, of which 
the foremost is interrupted in the ventral median line. The average length is 
now 0.30 mm. 

The four posterior ciliated rings encircle the embryo like the bands of a cask, 
but they no longer run quite parallel to each other. As.a result of the appearance 
of the vestibular invagination in the median plane ventrally the third band is arched 
posteriorly, and the second is, to a somewhat greater degree, arched anteriorly. 
The further the invagination extends the more the mid-ventral portions of these 
two bows are displaced. 

Just before the displacement of the mid-ventral portion of the second and third 
ciliated bands the entire ventral side of the embryo appears thickened and a little 
flattened. Most of the cells are exceptionally long prismatic cells, which extend 
uninterruptedly from the primary body cavity to the outer surface. Their nuclei 
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are somewhat larger than those of the cells of the ciliated bands, and in carmine and 
hematoxylin stain more deeply. On the rest of the ectodermal wall the contrast 
between the ciliated bands and the intermediate zones is always more pronounced. 

In the region of the first band there occurs a very active nuclear division, with 
which the division of the cell bodies does not keep pace. As a result of this there 
are usually found in a single cell body several nuclei, small but relatively rich in 
chromatin, in different phases of division or in the resting stage. In the inter- 
mediate zone the nuclei remain in the resting stage without undergoing further 
division, and for that reason are relatively less numerous. They are also poorer 
in chromatin, and in some no chromatin whatever can be demonstrated. These 
nuclei without chromatin are very difficult to find. 

At the apex of the embryo, at the anterior end of the major axis, a small flat 
cavity, the apical pit, appears. In this region the ectoderm is thickened and com- 
posed of several layers. The apical pit often can be demonstrated in embryos of 
from 40 to 50 hours, while it may be absent in others of equal age and equally 
developed in other respects. 

The cells of the apical pit form the ciliated tuft of the free-swimming larva 
which later becomes so prominent. They do not all give rise to cilia, however, for 
a part of them migrate out of the epithelial layer and move deeper into the body. 
This process is not confined to the cells of the apical pit, but occurs also in the 
adjacent regions. 

The ectodermal elements are here now cut off from the more deeply lying 
structures by a membrane just within which is a layer of fine fibrille, apparently 
nerve fibrille of ectodermal origin. Within these fibrille, resting upon the ends 
of the prismatic cells, are pear-shaped cells possessing several processes. Apart 
from their position they are differentiated from the mesoderm cells through con- 
taining less yolk and having more finely pointed processes. These are evidently 
ganglion cells of ectodermal origin. 

At first the fibrille and the ganglion cells, indicating the embryonal nervous 
system, are limited to the immediate vicinity of the apical pit, but later these extend 
themselves further and further outward over the anterior end of the embryo and 
along the ventral side. 

Some time after the appearance of the apical pit there appears just behind it 
in the median ventral line a second almost circular flattening in the ectoderm, 
which at first is very small. This deepens rapidly into a groove, which for a time 
usually remains very small, but in many cases soon becomes very considerable. 
During the later embryonal stages it continually broadens and eventually forms 
the region of attachment of the free-swimming larva. 

The foremost ciliated band is ventrally interrupted by this fixation plane. 

In the thickened ventral surface there appears at about the eightieth hour 
(earlier than the fixation plane), in the median line between the second and third 
ciliated rings, an invagination which quickly becomes more extensive—the vesti- 
bular groove. The anterior portion of this, which displaces anteriorly the second 
ciliated band, is more depressed than the posterior, which lies near, or against, the 
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third band. The depth of this invagination varies greatly and is often very 
considerable. 

The internal organization now shows very important changes. The two 
coelomic sacks, which in the preceding stage were united by a fine tube, have now 
become entirely separated from each other. A knob-like swelling on the median 
wall of the right ecelome, which persists for some time, is the last remnant of this 
connection. 5 

Simultaneously with the thinning of the walls the two sacs increase in size and 
become pocket-like, with the inner and outer walls lying very near each other, so 
that the lumina are very narrow. 

The right sack has extended itself dorsally almost around the entire body 
cavity and has reached over on the dorsal side somewhat to the left; also it has 
grown considerably anteriorly, where it now covers the gut. 

The left sack has extended itself less far anteriorly, and in its anterior part is 
much less widened ventrally, so that it lies on the dorsal wall of the hydroceele, 
pushing to the right with its dorsal margin and thus forming a sort of mesentery. 
It has extended especially posteriorly and there surrounds the gut, meeting the 
posterior border of the right sack. 

Thus the mesentery on the dorsal side runs almost in the median plane, though 
a little to the left; posteriorly the nearer it approaches the ventral side the more 
it shifts to the right. It forms approximately a half circle, which opens upward 
and ventrally, since on the ventral side the ventral corners of the two ccelomic sacks 
are at this stage very widely separated from each other (through an angle of about 
90°), and also anteriorly approach the edges only in the dorsal region. 

As from the beginning, the coelomic walls are single layered, but the cells have 
now become perceptibly smaller and lower. 

While these alterations in the ccelomic sacks have been taking place the two 
sections of the mesentero-hydrocele have become completely separated. 

The primitive hydrocele is somewhat constricted dorso-ventrally and lies 
closely on the thickened ectoderm wall, almost entirely on the left side of the 
embryo, toward which side all the internal organs are more or less displaced. 

Dorsally it extends almost as far as the gut itself, to the posterior end of the 
left coelome; anteriorly it reaches over the gut and covers it in its central part. 
This anterior dorsal portion of the primary hydrocele becomes differentiated as 
a tubular structure, which runs almost parallel to the ventral surface from right 
to left, but in the center of the embryo crosses the chief axis not quite at right 
angles; this is the parietal canal. 

Histologically the wall of the primary hydroceele is throughout a single-layered 
epithelium of cylindrical cells of which the prominent nuclei Le near the inner 
border. 

During the separation of the parietal canal the histological contrast between this 
and the secondary hydroceele sack becomes progressively more and more marked; 
the former is composed always of smaller, at first cubical and later more flattened 
cells, while in the latter the form of the cells appears not to be essentially altered. 
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The parietal canal is enlarged in such a way that its walls, without increasing 
perceptibly in mass, continually become thinner. 

The beginnings of the definitive gut develop from the two median dorsally 
and ventrally running horns of the anterior sack and from the central section in 
so far as it is not concerned in the formation of the hydroceele and the parietal 
canal. With the dissolution of the union between the two ccelomic sacks the two 
vertical entodermic processes ‘unite, first anteriorly and later also posteriorly. 

During these changes the gut in different individuals shows striking vari- 
ations in the thickness of the walls and in the extent and form of the lumen 
which can not be explained as part of a continuous developmental series. 

Cross sections show the gut predominently triangular with the base of the 
triangle parallel to the hydrocele sack and the apex dorsal, lying between the two 
cceelomic sacks of the mesentery. It does not run exactly in the major axis, nor 
parallel to it, for its anterior end is displaced toward the left and its posterior 
usually a little toward the right. 

The walls are composed of cylindrical or cubical cells, among which on the 
outer side are occasionally seen globular cells in process of division. 

It is certain that the parietal canal and the water vessel intercommunicate 
after they have severed their connection with the definitive gut. The last point 
of union with the gut is at the region of the connection between the two, so that 
they might be considered as two evaginations of unequal size from the anterior 
gut section extending dorsally and ventrally from it, while the two ccelomic sacks 
might be considered as right and left evaginations of the posterior end of the 
gut, near the blastopore. 

It might be said that in the primitive gut (archenteron) after its closure 
there can be differentiated three divisions—a posterior (lying near the blasto- 
pore), a middle, and an anterior. The posterior has already been separated off 
and divided before the anterior appears. The middle remains single and forms 
the definitive gut. The anterior and posterior each divide into two parts; the 
latter gives rise to the right and left coelomic sacks, the former ventrally to the 
hydroceele and dorsally to the parietal canal. 

The mesenchyme filling the primitive body cavity is now composed of more 
numerous but smaller elements, rounded or star shaped, with short processes. 
The more or less gelatinous albuminous substance which in the younger stages 
filled the body cavity has been almost entirely consumed by the mesoderm cells. 

In the crinoids the division of the archenteron is as follows: 

peritoneal sae tere ccelome. 
asta hinder end) left coelome. 


Mesentene iy draeie mesenteron; definitive hydrocele. 
primitive hydrocele sac | parietal canal. 


In the other echinoderms: 


mesenteron. 


Archenteron 
peritoneal sac. 


one or two vaso-peritoneal sacs (at anterior end) | hvdvoeciomee 
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LAST PERIOD OF EMBRYONAL DEVELOPMENT; FORMATION OF CALCAREOUS SKELETON (84 To 120 HOURS). 


During the fifth day the embryo escapes from the egg membrane and becomes 
a free-swimming larva. It is now elongated in the direction of the major axis 
and has reached a length of about 0.40 mm. As a result of the advance of the 
vestibular furrow the general form has become beanlike. 

Up to the time of the appearance of the calcareous skeleton the inner organs 
remain essentially as just described, but the walls are composed of smaller cells, 
and the lumina are more extensive. 

Owing to the exceptional opaqueness of the living object it is necessary to study 
the skeleton in preserved material. 

In embryos of 100 hours there are already present five orals, five basals, and 
from three to five infrabasals in the calyx, and about 11 calcareous elements in 
the column. 

It appears that in the embryos of animals kept in aquaria for some time 
before the extrusion of the eggs the calcareous structures are less extensively 
developed, smaller and thinner, and at the same time very much more variable, 
than is the case in embryos from mothers living freely in the sea. 

The calcareous plates are often quite irregularly developed in animals of 
exactly the same age, and the individual plates of the same series in the same 
animal often show considerable differences. 

Each of the five basals, like each of the five orals, is approximately equidistant 
from those on either side, except that in each series the distance between the two 
outermost is greater than the distance between any two of the others. Thus 
it is that the basals and orals have usually been described as lying in horseshoe- 
shaped bands, open ventrally, surrounding the major axis. If it is borne in mind 
that the planes of the two horseshoes are strongly oblique, so that the open sides 
lie much more anteriorly than the closed ends, and that the left arms of the 
horseshoes in each case reach farther anteriorly than the right, the relative positions 
of the plates in these two series are fairly well indicated. 

At this stage the individual basals and orals do not lie exactly behind each 
other, for the basals are slightly more displaced dorsally than the orals. Fre- 
quently this displacement is such as to bring the first basal almost or quite in line 
with the second oral. 

The left basal (6,) lies farther anteriorly than the right (6,) and the left oral 
(0,) in the same way lies farther forward than the right (0,). Usually, the right 
basal lies farther anteriorly than the left oral. 

The plates in these two series lying farthest posteriorly are those in the 
median plane dorsally, the third oral and the third basal. 

While the first and fifth basals lie in the region delimited by the third ciliated 
ring, usually just proximal or just distal to it, the third basal lies under the fourth 
ring. In the same way while the first and fifth orals lie under the fourth ring, 


the third lies under the fifth. 
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Although the position of the plates as just described appears to be the normal, 
many variations occur. 

Bury believed that the orals are formed in the vicinity of the left, the basals 
about the right ccelomic sack; but Seeliger found that the first basal without excep- 
tion appears so far forward that it lies entirely outside the region of the right 
ccelome, and that the first oral appears without any reference to the left celome, 
on the contrary reaching with its dorsal and anterior branches far within the 
region of the right ccelomic sack; and there are other displacements which seem 
not to harmonize with Bury’s conclusions. 

But it is significant that at the time of the appearance of the calyx pieces the 
two ccelomic sacks have already abandoned their original position, and that the 
orals and the basals are formed not in a different antimere of the bilateral embryo, . 
but both in the same antimere. In their horseshoelike arrangement about the chief 
axis their relations are similar to the relations of two metameres. 

Seeliger finds that the calyx plates at first are always separated from the 
ectoderm by two or three layers of mesenchyme cells, rarely by only a single 
layer. Later they moye nearer the surface, and their needlelike processes may 
then be easily demonstrated within the ectoderm. 

Originally the meshwork of the calyx plates, which is finer than that shown by 
Thomson in Antedon bifida, lies all in a single plane and does not repeat the 
curvature of the surface of that portion of the body under which the plates lie. 
Commonly the basals and orals are about equally large, but the plates of either 
series may be larger than those of the other. The course and the thickness of 
the bars of the meshwork may vary in different ways. 

Each plate begins in the same way. Two small calcareous needles appear from 
which soon branches are given off at an angle of 120° that quickly increase in 
length, join with similar branches to form again a single bar, and then repeat 
the process. Later the original bars of the meshwork thicken, the spaces between 
them become smaller, and the whole aspect of the plate becomes more sievelike. 
Jn larve raised in an aquarium the increase in the thickness of the plates is slower 
than in larve from mothers taken from the sea. 

Seeliger was unable to find a case where two or more originally separated 
calyx plates later became merged into a single element. 

Anterior to the basals, deeper and nearer the central axis, lie the extremely 
small beginnings of the infrabasals. In some specimens Seeliger was able to find 
only three or four, more rarely only two; but he believes that five is the true 
number, and that in these specimens the whole number had not yet been formed. 
However, in some cases he found three infrabasals arranged as described by Bury. 

The usual arrangement of the five infrabasals is in the form of a horseshoe 
open ventrally stretching over the dorsal half of the embryo. The two lateral 
infrabasals, right and left, lie quite near each other, and this naturally suggests 
that the two larger lateral infrabasals described by Bury have arisen through 
the coalescence of two originally separate points of origin. 

The first trace of a calcareous deposit Seeliger found to be in a cavity in a 
group of mesenchyme cells, mostly pear-shaped, with readily recognizable globular 
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nuclei, lying on one of the cells which stood out from the rest on account of the 
somewhat larger nucleus lying near the cell wall from which the calcareous particle 
appeared to have been secreted by a sort of cuticular extrusion. As the calcareous 
particle becomes larger progressively more and more cells take part in the deposition 
of lime about its edges as well as over its surface. 

In the middle of the anterior portion of the embryonal body between the 
second and third ciliated bands lie the rudiments of the columnals. They are 
closely placed one behind the other in a single slightly curved row the concave 
side of which is directed ventrally. 

The foremost element of the row, the terminal stem plate, lies near the base of 
the vestibular invagination. In some cases, if the curve of the series of columnals 
is especially strong, the plane of this plate is almost parallel to the major axis, 
though usually it makes an acute angle with it. The most posterior stem plate 
lies within the circlet of the infrabasals, displaced a little dorsally. 

At this stage, as well as at the following stages, the number of the columnals 
is variable; very commonly it is 11, but there may be 13. If a considerable 
number be present new columnals form always at the posterior end of the series 
and are never intercalated. 

The form of the individual columnals is very variable. Seeliger gives three 
figures of different stages. The first shows a minute calcareous crescent, of which 
the concave side is directed ventrally. In the second the ends of the somewhat 
larger crescent have become swollen and a broad straight-edged process has 
appeared centrally. In the third each angle of this straight-edged process has 
been produced into a radial spine, the swollen ends of the crescent as seen in the 
last stage have become produced into radial spines, and the horns of the crescent 
have become still further produced, so that the concavity now is almost semi- 
circular. In this same series the more anterior columnals were markedly larger, 
and had already extended so far ventrally that the concave side formed three- 
quarters of the circumference of a circle. The radial processes on the convex side 
had become more numerous and had begun to fork at the point. 

If a large number of columnals be present new ones are formed always at 
the posterior end of the series, and new plates may appear through intercalation 
between the last two, between the penultimate and the preceding, or between the 
third and fourth from the last; they probably never appear further anteriorly. 

In embryos of this age the formation of new plates between others already 
existing is rendered possible by the existence of two or more layers of mesenchyme 
cells between them. Usually the columnals lie so closely together that only a 
single layer of mesenchyme cells lies between, which of necessity is occupied 
with the increase of those plates. 

The terminal stem plate is the most extensive of all the calcareous structures 
of the embryo, and is probably the first to appear, although this has not as yet 
been determined with certainty. It resembles the calyx plates much more than 
it does the other columnals, for it is in the shape of a rather extensive meshwork 
which shows no trace of having been derived from a primitive crescent. 
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Five days after the first cleavage the embryo ruptures the inclosing membrane 
and escapes as a free-swimming larva. The length of this free-swimming life 
varies extraordinarily, even in the different individuals of the same brood; some 
attach themselves after a few hours and immediately proceed to further develop- 
ment, while others, somewhat larger though with only insignificantly altered 
structure, are to be met with still free swimming after a lapse of as much as 
108 hours. Even at 60 hours the larvee which immediately became fixed have the 
body divided into stalk and calyx, and possess 15 tentacles projecting into the 
closed vestibule. 

When just liberated the larve are almost invariably about 0.40 mm. long. 
If they remain free swimming for a considerable time they may reach at the 
end of the second or third day a length of 0.45 mm. to 0.48 mm., or in some cases 
even 0.50 mm. 

The larve usually swim with the anterior pole forward; only exceptionally, 
as for instance when they strike an obstacle, is the direction reversed. Occasionally 
a rotation about the major axis may be observed. 


Ectoderm. 


During the later embryonal stages the ectoderm has undergone important 
changes, and is quite different from that of the 75 to 80 hour stage. 

Anteriorly the entire ventral part is deeply sunken so that, with its elongate 
form, the larva now appears distinctly bean-shaped. 

The five ciliated bands are sharply differentiated from the much broadened 
intermediate zones, and over the deepened apical depression a large tuft of cilia 
has formed. 

The attachment pit has also deepened, and appears much more sharply differ- 
entiated from the neighboring regions. 

Ectodermal epithelium, ciliated bands, and intermediate areas—The course of 
the ciliated bands is in general as in the younger stages. 

The foremost band surrounds the apical pit with its tuft of cilia. On the 
ventral side it is interrupted by the more or less circular attachment pit into 
the ciliated borders of which its ends pass over. 

The second bow is entire; in the median line ventrally it is arched forward 
slightly and passes between the attachment groove and the vestibular invagination. 
Dorsally in the median plane it is arched forward somewhat, though not so much 
as on the ventral side. Its course varies more or less in details in different 
individuals. 

The third band is far displaced posteriorly in the median line ventrally by 
the extension of the vestibular groove, about the posterior angle of which it runs. 
Later, as the vestibular groove is further extended posteriorly, it cuts across this 
third band, which sinks into it and takes part in its formation. This third band, 
thanks to the broad ventral posterior sweep and to its slightly diagonal course 
along the sides of the embryo, is the longest of all. 
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The first three bands lie anterior to the internal organs over the region from 
which later the stalk is formed. The third approximately indicates the dividing 
line between the stem and calyx of the fixed larva. The fourth band surrounds 
the posterior body region over the internal organs, and does not present any 
marked irregularities. The fifth surrounds the posterior pole of the body beyond 
the internal organs. 

In the ciliated regions the epithelium is thickened and arched outward, except 
dorsally in the median line where it is more flattened; inwardly toward the body 
cavity a feeble concavity may underlie the external more marked convexity. 

The cells are high prisms, pyramids, or spindles of extremely small diameter, 
which extend from the exterior to the body cavity. On the outer side they bear 
a glistening investment over a cuticle-like edging, striped at right angles to 
the surface. 

The cilia are deeply inserted in the outer part of the cell body. The nuclei, 
especially in hematoxylin, stain very quickly and intensively. They are markedly 
smaller than the nuclei of the cells in the intermediate zone and have greatly 
increased in number by division during the preceding development period. Since 
frequently a new nuclear division intervenes before the cell body has completed 
a previous division, several nuclei can easily be found in a single cell. 

The nuclei of neighboring cells lie at different heights, but mostly near the 
middle or in the inner cell half. 

Structurally closely related to the slightly protruding type of ciliated band 
just described is another, which differs in that it does not rise above the general 
body surface, but instead is somewhat depressed below it so that it forms a 
shallow furrow. This occurs on the dorsal surface of the larve in the median 
line, and sometimes elsewhere. 

The glistening cells here appear as extraordinarily attenuated pyramids, the 
bases of which are toward the body cavity, while the cilia are attached to the 
apices. Each cell apparently carries a single cilium. 

The four zones bounded by the ciliated bands and the posterior ring are 
composed of considerably larger cells which lack the glistening character; in 
end view these are irregular polygons mostly six, sometimes five sided. The 
nuclei are larger than those of the glistening cells, but much less easily stainable, 
and lie mostly in the middle or near the inner end, very seldom toward the outer 
end. In some no chromatin granules can be demonstrated, and it is possible the 
chromatin may entirely disappear. Sometimes there are two nuclei in an 
undivided cell body. 

Among the normally formed ectodermal cells there appear in later embryonal 
life certain other elements. These may be described as club-shaped cells contain- 
ing a nucleus and colored deep yellow; the broader end is outward, and not only 
reaches the surface but sometimes projects beyond it. 

After preservation in alcohol and staining in hematoxylin these structures 
stand out intensively, and it is then easily seen that the coloration comes from 
variously formed inclusions in the cells which lie at different heights, sometimes 
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in the inner cell end near the nucleus, sometimes on the outer side in part extruded 
from the cell. These inclusions appear to be products of the cells in which they 
lie, and the cells appear to be ectodermal gland cells. The function of the cells 
and of their secretion is unknown. 

During the free-swimming larval period the cells excrete externally a fine 
cuticular membrane, and between them a clear homogeneous transparent glass- 
like intermediate substance appears, first at the outer cell ends, later advancing 
gradually inward. Simultaneously the nuclei move into the inner ends of the 
cells and their chromatin content again increases. 

Very soon after the commencement of the secretion of the intermediate sub- 
stance the cells begin to withdraw from the surface, becoming club-shaped, and 
occasionally almost spherical, and lying at the base of the ectoderm between 
the protoplasmic bodies of the other cells which still reach to the outer membrane, 
but which are no longer throughout parallel to each other. 

To what extent the shortening of the cells is related to the secretion of the 
intermediate substance is not clear, but the rounded cells have lost in volume, 
while among the elongated cells many can be seen which are about as large as 
in the first few hours of free existence. 

Toward the body cavity the border of the ectodermal layer is no longer so 
well defined as in the younger stages, for the club-shaped and rounded cells 
project more or less inwardly; but in spite of this and of the fact that the 
formation of the intermediate substance gives the ectoderm a certain similarity 
to connective tissue, especially in later stages, no doubt can at any time exist during 
the free-swimming period as to whether a given cell belongs to the ectoderm or 
to the mesoderm. 

Apical pit and nervous system.—During the free-swimming larval period the 
apical pit and the subjacent nervous layer reaches its highest development, only 
to dwindle and disappear soon after fixation. 

In the preceding stage individual ectodermal cells had migrated to a position 
beneath the ectoderm where, separated from the body cavity by a membrane, they 
had changed their form and a fine fibrous layer had appeared. 

Little by little the number of these subepithelial cells increases, chiefly through 
the inward migration of new ectoderm cells, but also by division. They become 
markedly shorter, and send out one, two, or three processes. They become rounded 
when about to divide. These are evidently bi- or multipolar ganglion cells. 

The size of the cell body is variable, between 0.005 mm. and 0.006 mm. 
measured without the processes, which may be of various lengths. 

The cells lie on the fiber layer, between it and the ectoderm; a few of them 
force themselves deeper and become entirely surrounded by the fibers. 

The fiber layer has become very considerable under the apical pit, and extends 
thence outward over the anterior end of the larva, becoming gradually finer toward 
the periphery and disappearing at the second ciliated bands. Only individual 


fibers proceed further posteriorly along the sides to supply the posterior ciliated 
bands. 
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Only in the most anterior portion of the larva does the membrane mentioned 
above separate the nervous elements sharply from the body cavity; farther 
posteriorly it becomes less and less prominent during the later larval existence, 
while at the same time connective tissue fibers appear. 

In the center of the nervous apparatus directly under the apical pit there 
lie on the fiber layer very numerous irregular ganglion cells arranged in several 
layers. Laterally and farther posteriorly they become progressively less and 
less common, and over the finer fiber strands none occur. 

Prominent on account of their size and constant in their course are two 
nerve cords which arise from the central fiber layer under the attachment pit and 
run right and left along the ventral side of the larva in the angles formed through 
the vestibular invagination. In cross section they appear triangular, with the 
smaller side toward the body cavity and the two longer toward the inner side 
of the ectoderm, and the lateral wall of the vestibule. Posteriorly both become 
progressively finer; they probably reach the fourth ciliated band. 

In the anterior portion isolated ganglion cells lie on the side toward the body 
wall, but in the posterior portion these seem not to occur, and here only detached 
ectoderm cells are found which have only partially withdrawn from the ectodermal 
layer. These latter consequently resemble those in the apical pit at a younger 
stage which are in process of moving to a subepithelial position as a preliminary 
to transformation into ganglion cells. But in the posterior region of the two 
ventral nerve cords the cells do not complete the transformation into ganglion 
cells, since before sufficient time has elapsed for this the degeneration of the 
whole nervous apparatus supervenes. 

During the later embryonal period the cells which remain in the epithelial 
layer of the apical pit have become markedly altered, and, like the cells in the 
ciliated bands, have greatly increased in number. They are now slender wandlike 
cells, which possess a deeply stained usually elongate nucleus situated near their 
inner end. In the central portion, where they are longest, they are from 0.025 
mm. to 0.030 mm. in length, decreasing thence toward the border so that their 
deeply stained nuclei in longitudinal sections through the region form an are- 
shaped band with the concavity toward the exterior. On their outer ends they 
carry the long cilia which are deeply embedded in the cuticular cell ends, causing 
the latter to appear longitudinally striped. Just under this longitudinally striped 
zone there is a narrow band of deeply stained cytoplasm. 

On the basis of differences in the inner ends two sorts of cells can be differ- 
entiated in the apical pit. One type has a clublike swollen or truncated end; 
these are shorter than the others and le irregularly distributed among them; 
their nuclei lie quite near their inner ends. These appear to be supporting cells. 
The second type tapers off into an exceptionally fine and long process which 
extends between the ganglion cells in the fibrous layer. These are to be inter- 
preted as sense cells having to do especially with taste, since from the reactions 
of the larve a certain amount of the ability to taste is to be inferred. 
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It is probable (though not proved) that only the true sense cells carry cilia. 

Attachment disk and vestibular invagination—The attachment disk, first 
demonstrable at a considerably younger stage, now appears elongated and deepened. 
Within its compass in the fully formed embryo the prismatic cells show a fine 
ciliation, but the cilia are markedly shorter than those of the apical pit. Later the 
cells divide and become wandlike, but they never become so fine as those of the 
apical pit. No subepithelial ganglion cells are formed here, and apparently there 
are no sense cells. Such ganglion cells as occur are confined to the border zone 
and appear to have arisen through the division of the ganglion cells originating 
from the ectoderm of the apical pit. 

The nuclei of the cells in the attachment pit are mostly somewhat larger 
and more elongated than those in the sense cells, and in hematoxylin stain a little 
less deeply. They lie at different heights in the inner half of the cell, only 
occasionally in the outer half. 

Sometimes the cells at the base of the pit are very long, almost a third again 
as long as the sense cells in the apical pit. 

Just before and during the fixation of the larva the glandular character of 
this region becomes more and more marked; the cilia disappear, the cells become 
mostly somewhat shorter and thicker and give off exteriorly a layer of homoge- 
neous secretion, which accomplishes the fixation. 

In the larva just liberated the vestibular invagination extends over the greater 
part of the ventral side. As in the younger stages, it is deepest anteriorly, becom- 
ing shallower posteriorly where it is bounded by the anterior border of the third 
ciliated band. Very soon the ventral median portion of the third band becomes 
involved in the extending invagination, which reaches to the fourth bow. 

The cells of the vestibular floor are long and almost wand-shaped, and their 
nuclei lie at different heights, though in the anterior median portion almost 
exclusively in the inner end near the body cavity, from which, as from the mesen- 
chyme cells, these cells are sharply cut off. 

On their outer ends the cells carry cilia which are embedded in a cuticlelike 
layer, so that the section shows a certain similarity to a section through the ciliated 
rings. 

The whole invaginated region is lined with a single layer of cells. Such cells 
as do not reach across the entire thickness have probably just arisen through 
division and have not as yet reached their ultimate length. 

Because of the enlargement of the surface which this portion of the ectoderm 
wall undergoes, active cell division must occur. In the posterior part of the begin- 
nings of the vestibule, where at first only a slight flattening is found, the ectoderm 
is noticeably thickened and shows numerous dividing cells. Later the median 
portion sinks in, and this posterior part assumes the character of the more anterior 
sections. 

If the larva remains free swimming for more than 24 hours important changes 
occur in the vestibular invagination. If it attaches itself immediately these 
processes take place in the fixed stage after the disappearance of the ciliated bands. 
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On the second day the edges of the vestibular invagination approach each 
other and finally grow together in the posterior portion, this union of the two sides 
gradually extending anteriorly until an extensive tubular structure is formed which 
opens to the exterior on the ventral side through a constantly decreasing opening 
behind the second ciliated band. 

The vestibule never appears to become entirely closed during the free-swim- 
ming period, but only after fixation. 

The vestibular tube later extends under the fourth ciliated band, but whether 
this is an extension of the open furrow or of the closed tube itself has not been 
determined. If concerned at all, the fourth ring can only play a small part in 
the formation of the vestibule. 

Occasionally, in addition to the normal closure from the posterior end, the 
sides of the anterior portion also grow together, though this only takes place to 
a limited degree. 

In the still open anterior portion the vestibule shows in section essentially 
the same features as in the younger larve, except that it has become somewhat 
deeper and has increased in size proportionate with the increase in size of the 
entire larva. 

Farther posteriorly, where the closure is already completed, the vestibule 
appears tubular, strongly compressed dorso-ventrally. The lumen is very narrow, 
the walls very thick, especially dorso-laterally; they are thinnest along the floor 
of the groove. 

At the end of the free-swimming larval period the ciliation of the vestibular 
invagination disappears. The cilia appear to persist longest in the anterior por- 
tion in two narrow lateral zones running near the border in which the cells are 
richer in plasma than elsewhere. In these zones the cell borders can not be 
differentiated throughout. The nuclei lie in the cell end toward the body cavity, 
which is richer in plasma than the other, while outwardly the plasma appears 
netlike, inclosing a homogeneous substance. 

In preparations treated with absolute alcohol the intermediate substance 
retains hematoxylin stain to a remarkable degree, and in such sections it appears 
in the form of intensively colored club-shaped figures. 

in the portion of the vestibule already closed into a tube the wall is essentially 
single layered. The lateral cells are of considerable length and carry the nuclei 
at different heights. Even when the cilia have disappeared, the cuticle-like cell 


border can be demonstrated. 
Intestinal Canal. 


Of all the internal organs the intestinal canal undergoes probably the least 
change during the later embryonal and free-swimming period. 

As last described it was an entirely isolated sacklike structure surrounded by 
the two celome pockets and the beginnings of the water vessel. At no place does 
it come in contact with the ectodermal body wall, from which it is entirely excluded 
by the surrounding organs. 
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With the growth of the whole body the digestive apparatus becomes extended ; 
its walls become appreciably thinner, and its form alters in a remarkable way. 
It becomes elongated in the direction of the major axis and at the same time 
somewhat compressed dorso-ventrally. But sometimes it is enlarged dorso-ven- 
trally, as well as elongated in the direction of the major axis, so as to appear 
more or less baloonlike. As this is the usual form in the young attached animal, 
this may be considered as premature development. 

Normally the dorsal wall is rather strongly convex, while the ventral wall 
is concave, and in the concavity of the latter lies the water vessel. 

The dorsal wall is thick and is composed of a single layer of high prismatic 
cells, of which the nuclei lie near the lumen. The ventral wall for the most 
part is composed of a single layer of approximately cubical or low-prismatic cells 
which carry the nuclei mostly in the inner half. 

Anteriorly the intestinal canal tapers rather abruptly and ends against the 
parietal canal and the most anterior end of the right coelomic sack. 

In rare cases there are found within the lumen in larve just liberated a few 
intrusive cells. Later these cells occur very extensively. 

Generally speaking, the relations as just described are only slightly altered 
during a free-swimming period of two or three days. 

The gut swells out on all sides, eventually becoming globular, and as the 
concavity of the ventral wall decreases individual cells detach themselves from 
the wall and pass into the lumen. But this process is of limited extent, for at 
the most Seeliger counted only 20 such cells in the oldest free-swimming larva, 
while in many the gut lumen was entirely empty. 

In the most advanced larvee there appears approximately in the middle of 
the ventral wall a small evagination directed toward the ectoderm. This elongates 
through the center of the water vascular ring, this space being occupied merely 
by a few mesenchyme cells. An extensive proliferation of ectoderm cells from 
the lower side of the vestibular invagination grows out to meet it, though it is 
usually later in the fixed larva, after the vestibule has entirely closed, that the 
two unite. 

The dividing line between the ectodermic and mesodermic layers can be demon- 
strated for a long time, and thus the esophagus is clearly seen to be a purely 


ectodermal structure. 
Oawlome and Chambered Organ. 


The shifting about of the two cclomic pockets originally lying right and 
left, which began during the embryonal period, becomes much further advanced 
in the free-swimming larva. 

The right coelomic sack has passed around the entire dorsal side of the intes- 
tinal canal, posteriorly having almost entirely moved into a dorsal position, and 
has permitted a process from the left sack to take part in bordering the gut on 
the right side. Further anteriorly, however, it elongates on the right side of the 
intestinal mass, covering the gut and water vessel, widely ventralward to the 
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immediate vicinity of the vestibular invagination. Its foremost end extends out 
somewhat over the gut and reaches the transverse branches of the parietal canal. 

The walls are single layered throughout; that appressed to the gut is some- 
what thicker than the opposite, though always markedly thinner than the gut 
wall, and is composed of cubical or low-prismatic cells, which for the most part 
carry their nuclei near the celome lumen. In the dorsal wall there are already 
found in many places pavement cells, which, however, are always sharply differ- 
entiated from the mesenchyme cells. 

In cross section the lumen appears almost sickle-shaped, since the dorsal and 
ventral walls have moved considerably nearer to each other, and both are strongly 
concave toward the gut. 

The course followed by the left coelomic sack is somewhat more difficult to 
determine than that followed by the right. Anteriorly, it never reaches so far 
as the other, extending only slightly beyond the fourth ciliated band, while it 
terminates on the obliquely running end pieces of the parietal canal. From the 
left it grows out over the whole broadened posterior side of the intestinal canal 
and water tube, and stretches over their right side, where it extends itself anteriorly. 
This encroachment on the right side in larve just liberated is emphasized in very 
different ways. In the posterior ventral portion of the gut and water vessel it of 
necessity must remain closely circumscribed, but its anterior extension varies. 
Sometimes it is merely a small tip which is found at the right of the gut; again, 
it extends farther forward, especially on the right side of the water vessel, and 
sometimes it reaches anteriorly as far ventrally as on the left side; that is to say, 
far over the region of the fourth ciliated ring. 

But the ventral side of the water vascular system remains uncovered by the 
left ceelomic sack almost throughout its entire extent. Only at the hindmost end 
can the latter be seen extending over a small area of its ventral side. 

The lumen of the left ccelomic sack, like that of the right, is narrowed to a slit. 

Histologically its walls differ very strikingly, for they are throughout thinner, 
and are composed of a single layered pavement epithelium; only in the portion 
joining the right coelomic sack, the mesentery, are the cells somewhat higher and 
prismatic. 

In larve just liberated the plane of contact between the two celomic sacks 
appears horseshoe-shaped in section, the horseshoe being open anteriorly. 

During the several days of free-swimming larval life important changes occur 
in the ccelomic sacks. 

The right, after entirely growing about the gut dorsally in the anterior part, 
has passed over a little onto its left side; but the border of the right sack always 
lies nearer the ventral side than that of the left. The anterior end no longer 
covers anteriorly the entire intestinal canal, while the parietal canal moves more 
ventrally. 

On the anterior side of the gut it grows in toward the ventral side, and 
laterally anteriorly in two pockets separated from each other. These pockets come 
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into contact over the gut near the median plane and there form a sort of mesentery. 
which later is of significance as the vertical mesentery of the right ccelome. 

Histologically the only change to be noticed is the thinning of the ccelome 
wall running parallel to the enlargement. On most places there is a moderately 
fine pavement epithelium. In the mesentery and on the ventral wall of the left 
diverticulum (adjacent to the parietal canal) larger prismatic or cubical cells 
are present. 

From the anterior wall of the two diverticula, as well as farther dorsally on 
the place of division, there arise five tube-like evaginations, which indicate the 
beginnings of the chambered organ. At their place of origin they are broadened 
out, ampulla-like; anteriorly the lumen narrows very rapidly and soon entirely 
disappears, so that they show merely cord-like structures, which extend very far 
anteriorly into the region circumscribed by the second ciliated ring. All five 
tubes surround the major axis of the embryo and, passing the rudimentary colum- 
nals at right angles to their planes, reach the terminal stem plate. When the 
rudiments of the columnals are horseshoe-shaped they surround the chambered 
organ and its extensions dorsally and laterally. In the fixed larve, when the two 
ends of the horseshoes have joined and the plates have become circular elements 
with a large hole in the center, the chambered organ lies in the channel thus 
formed. 

In cross section the five tubes appear arranged on the periphery of a circle; 
mesenchyme cells appear not to occur between them. Just at their origin the 
diameter of the circle is relatively broad, and the individual tubes are large with 
an extensive lumen; farther anteriorly the cords into which they are drawn out 
lie nearer together. 

Seeliger numbers the tubes from 1 to 5, 1 being the one arising ventrally 
from the left point of the right ccelome, 2 the one just dorsal to it, and 5 the one 
at the ventral end of the right sack. 

Histologically each part of the chambered organ is a single-layered tube 
formed of pyramidal or cubical cells, the nuclei of which almost always lie in 
the middle or in the outer ends. There appears to be no ciliation of the lumen. 
Toward the anterior end of the animal where there is no lumen the cells become 
longer, almost spindle-shaped. They may be differentiated from the surrounding 
mesenchyme cells by the closer crowding and by the somewhat more intensive 
staining of the nuclei. 

Certain changes have taken place in the left ccelomic sack. On both sides it 
has extended farther anteriorly, especially on the right, and this right branch now 
ends at the same level as the left, slightly behind the anterior end of the gut. 

Neither the anterior side of the gut and hydrocele nor the ventral side of 
the latter are covered by the left coelomic sack, of which the walls anteriorly 
as well as ventrally are some distance away from the walls of the others. 

Anteriorly on the ventral side the beginnings of the vestibule lie between the 
side pieces of the parietal canal. The horseshoe-like form of this canal has become 
more marked. The two side pieces have become quite equal and no longer lie 
ventral to the right ccelome throughout their entire extent. The right lies nearer 
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the ventral side and entirely covers this side of the hydrocele, which is only 
partially done by the left. 

As in the preceding stages the wall of the cwlome is composed throughout of 
one layer of cells, which becomes very thin on the portions adjacent to the gut, 
where it is sometimes reduced to a fine pavement epithelium. Of all the cells 
those in the mesentery are the highest. 


Hydrocele and Parietal Canal, 


Toward the end of the embryonal period the commencement of the hydroceele 
closes itself off from the parietal canal and bends itself about in such a way that 
in cross section it appears horshoe-shaped with the right branch somewhat larger 
than the left. This right branch develops rapidly at the expense of the left, 
which finally reaches much less far posteriorly than previously. So much does 
the right branch enlarge that posteriorly it reaches as far toward the left as the 
other, causing the opening of the horseshoe to appear displaced toward the 
left, where it is covered in part by the anterior end of the left cclome. 

At this stage five knob-like evaginations directed toward the ventral side 
appear on the hydrocele, from each of which later three tentacle vessels arise. 
Tt has not been definitely determined whether these evaginations are simultaneous, 
or whether, if not, there is any definite regularity in their appearance. In any 
ease they appear very suddenly and almost simultaneously, for of larve of the 
same age a short time after their liberation some show none and some show all 
five already formed. 

Numbers 1 and 5, at the two extremities of the sack, are commonly more 
advanced than the others, and it is not improbable that they are formed first. 
Number 4 appears to be in early stages the least developed. 

The peculiar horseshoe-shaped form taken by the hydrocele indicates that 
it can readily become closed into a ringlike form: but the formation of a closed 
water vascular ring first occurs at a considerably later stage. 

The walls are everywhere composed of a single layer of cells which are 
prismatic or pyramidal in form and of approximately equal height, as in the 
gut. Their nuclei lie throughout in the inner ends of the cells, near the lumen. 

In the older free-swimming larve the opening of the horseshoe becomes 
directed toward the anterior and left, turning about an angle of more than 90° 
anticlockwise. The two ends of the hydrocele have now closely approached each 
other, and the five primary evaginations have become considerably more extensive. 
The walls are still of a single layer of cells, but on the side toward the gut they 
are markedly thinner and are there for the most part composed of almost cubical 
cells. 

It is in the older free-swimming larve that the first beginnings of the primary 
stone canal can be recognized. It shows itself as a short process from the (origi- 
nally) left blind end of the horseshoe-shaped hydroccle running dorsally and 
toward the left and inserting itself between the anterior end of the gut and the 
parietal canal, ending blindly on the right ccelomie sack. At this stage there is 
no longer an opening into the parietal canal. 
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During the last of the embryonal period and the free-swimming larval exist- 
ence the parietal canal undergoes important changes. It soon closes off entirely 
from the hydrocele and becomes a tubular structure running dorsally from it, 
while in the free-swimming larva its major part comes to lie directly in front of it. 
The left end grows posteriorly and lies at the left of the hydrocele and gut, 
reaching the ectodermal body wall just before the fourth ciliated band, eventually 
opening outward here through the pore. 

In the young larva the pore lies between the two branches of the hydroccele, 
between the places where the first and fifth evaginations will arise. 

The formation of the pore often occurs in the final embryonal period, and the 
opening is always clearly visible in larve of a few hours’ age. There is some- 
times a slight infolding of the body wall in the immediate vicinity of the pore, 
but again the small-celled terminal portion of the parietal canal may extend into 
the body wall as if it had bored its way through it. In any case, the part taken 
by the ectoderm in the formation of the end piece at the pore is very small. 

At its first appearance the pore lies to the left of the median plane, distant 
from it about one-sixth of the circumference of the larva. Later the distance 
increases somewhat. 

At the pore the lumen of the canal is very small, but it broadens rapidly 
inward and anteriorly, going over into the transversely running major portion, 
which is very differently developed in different individuals. In somewhat more 
developed stages in which the anterior gut end is more rounded it becomes 
more extensive, and at the same time part of the earlier ascending branch retains 
a more transverse course. 

At the place where these two sectors pass over into each other there is to be 
noticed in quite young larve a short hornlike process, directed toward the right 
and posteriorly, which lies in the angle between the anterior end of the gut and the 
left hydrocele. This process, which later disappears, appears to be the last rem- 
nant of the original connection between the parietal canal and the hydroceele sack. 

The last section of the parietal canal is the anterior process. This arises from 
the transverse portion ventrally near the median plane and runs forward, a little 
toward the left, extending to before the second ciliated ring under the attachment 
pit. Anteriorly the lumen becomes progressively narrower, finally disappearing 
entirely, though in some cases the foremost end swells into a knoblike structure 
with a prominent lumen. 

The posterior end, representing the position of the transverse section, lies 
very near the base of the vestibular invagination, though not directly upon it. 
Farther forward the tube approaches it and clings to it, so that the whole process 
is feebly curved in the form of a bow with the concave side directed ventrally. 
This anterior process is a very striking structure. 

The wall of the parietal canal is composed of a single layer of cells through- 
out; it is markedly thinner than in the 75-hour embryo (the stage in which it 
was last described), though everywhere clearly demonstrable and sharply differ- 
entiated from the other tissues. The cells are cubical or slightly flattened, some- 
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what higher in the middle section, somewhat smaller in the terminal. During 
the free-swimming larval period it undergoes no important changes. 

With the closing off of the vestibular invagination all of the internal organs 
are displaced toward the dorsal side, and at the same time the distance of the pore 
from the median plane has reached about one-fifth of the circumference of the 
larva. 

As a consequence of the changes in the hydroccele as just described the pore 
no longer lies at the level of the region between the first and second primary 
evaginations. The ascending branch shows a tube of considerable length which 
rises more steeply anteriorly than was earlier the case. The hindmost end, ter- 
minally broadened out ampullalike, lies embedded in the ectodermal body wall. 

Especially extensive is the transverse portion; on all median longitudinal 
sections it is met with cut across as a thin-walled structure with a wide lumen, 
rounded or somewhat flattened dorsally, placed before the gut and hydroccele 
ventral to the former and directly over the latter. 

In the old larvee the condition of the anterior process varies. In some cases 
it can be demonstrated, but in most it has entirely disappeared, apparently having 
been withdrawn into the transverse branch. There is no evidence that it has 
degenerated and that its constituent cells have become mesenchyme cells, as has 
been supposed. 

The walls of the canal, except in the hindmost section, have become thinner, 
most markedly in the transverse sector, which for the greater part is lined 
with pavement epithelium, though toward the dorsal side where it borders on the 
right ccelome the cells are somewhat higher and richer in plasma. Seeliger be- 
lieves that the pore and the outermost end piece are ciliated. 


Mesenchyme. 


Most of the mesenchyme cells which are not occupied in the formation of 
the calcareous skeletal elements are now assuming the form of connective tissue 
cells, while some are transforming into muscle cells. 

The connective tissue cells occur in all possible forms in varying sizes. In 
the youngest larve they are predominently rounded or provided with small 
processes posteriorly and along the major axis anteriorly, while peripherally 
star-shaped and spindle-shaped cells are common. In older larve, generally 
speaking, the size of the mesenchyme cells decreases somewhat. 

Apparently in the living animal the cells are able, through amceboid move- 
ments, to alter their form quickly and in the most diverse ways. 

In the lateral portions of the anterior section the processes of the star-shaped 
cells become progressively more and more extended and begin to unite with 
each other, so that there appears in sections, cut at a later stage through the column, 
a very loose connective tissue layer made up of branched fibers under the ectoderm, 
while toward the middle rounded cells, placed much closer together. form the 
calcareous elements of the column. On the ventral side in the median plane these 
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skeletal-forming mesenchyme cells reach the ectodermal vestibular invagination, 
there being no connective tissue layer between. 

In addition to the rounded and star-shaped cells elongated strongly refractive 
cells stand out prominently, which appear to be muscle fibers in process of for- 
mation. They appear to have no definite arrangement but run in various directions. 
In later stages they appear to become still more elongated fibers, mostly passing 
quite through the loose connective tissue layer, which bear on the side a plasmatic 
cell body containing the nucleus. 

In addition to the muscular fibrille there occur rather prominent, mostly 
undulating, smooth fibers traversing the connective tissue which show neither a 
nucleus nor a superposed cell body. These are probably elastic fibers, though 
possibly only simple connective tissue fibrille. 

The fact that larve of this age are able to alter their form to a considerable 
degree shows the existence of functional muscle fibers. 

By far the greater part of the mesenchyme cells in the posterior portion of 
the animal, which later becomes the calyx, and in the central portion of the anterior 
section, are occupied in the formation of the calcareous plates of the calyx and 
column. 

In the last stage described all of the calcareous elements were laid down except 
a few columnals which appear later intercalated between those at the calical end 
of the column. During a large part of the free-swimming period there ensues 
only an enlargement of the individual plates and insignificant alterations in their 
relative positions. 

Their form and size vary exceedingly in different individuals. In many they 
have developed only slightly, while in other larve the columnals have become con- 
siderably enlarged and are no longer crescentic, but have assumed the form of 
closed rings, though this usually first takes place in the fixed stage. 

The orals and basals of the left side (1 and 2), which at first were situated 
more anteriorly than those of the right, have moved posteriorly, so that they are 
now on the same plane as these; but the ventral orals and basals always lie farther 
anteriorly than the dorsal, and the planes in which the orals and basals lie are 
approximately at right angles to the water vascular ring. 

The infrabasals lie at the same height as the basals but more centrally, so 
that they are covered by them. They are disposed in a horseshoe open ventrally 
and toward the left. 

The calcareous rudiments of the columnals have moved farther from each 
other, and the terminal stem plate thus approaches the base of the attachment pit 
to which it lies nearly or quite parallel. 

The relation between the mesenchyme cells and the plates which they form 
can best be determined on longitudinal sections through the anterior part of the 
larva. Such sections show the invariable existence of two layers of strongly 
rounded mesenchyme cells between each two columnals. Beyond these, outside 
of the compass of the calcareous plates, similar cells lie closely appressed to each 
other, which later will take part in the enlargement of the plates and in the 
formation of their peripheral processes. 
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ATTACHMENT OF LARVA AND ITS TRANSFORMATION INTO STALKED FORM. 
DESCRIPTION OF LARVA UP T0 FIFTH DAY AFTER ESCAPE FROM EGG MEMBRANE, 


After a free-swimming existence lasting usually for only a few hours, more 
rarely for two or three days, the larva attaches itself by means of the attachment 
disk at the anterior end. 

In an aquarium this may be observed very readily, for the larve will attach 
themselves to almost anything, to the glass walls, to stones, to shells, and to various 
parts of seaweeds; but they seem to avoid attaching themselves in places where 
the water is agitated. 

It is easy to preserve the larve together with the vegetable support to which 
they‘ are attached, when the base can easily be cut in sections and the details of 
the attachment made clear. 

After fixation development progresses in different individuals at very different 
rates, so that no general statement can be made as to the exact time when any 
given process takes place. The difference, indeed, may be so great that it is 
possible to find among larve 110 hours old many which have not passed the 
48-hour stage. 

This is in strong contract to the extraordinarily synchronous way in which 
the earlier development takes place in the embryos of the same brood. 

As a result of the position of the attachment pit on the ventral side of the 
anterior end of the body the young larva at first lies with its entire ventral side 
almost in contact with the object to which it is attached. Simultaneously with 
the differentiation of the body into calyx and column the larva elongates and raises 
itself to a position with the major axis at right angles to the plane of its support. 

The erect attitude is, as a rule, first attained when the roof of the vestibule 
has broken through, the tentacles have become extremely mobile structures of 
considerable length, and the stalked larva appears capable of the independent 
assimilation of nutriment. 

Directly after the attachment, when the vestibule is still on the ventral side, 
the indications of radial structure are restricted to the five evaginations of the 
hydroceele ring, the beginnings of the chambered organ, and the basals and orals, 
though none of these have attained their ultimate position. 

But during the changes about to be described the pentamerous structure 
becomes dominant, although the original median plane can always be determined. 

In the early fixed larva a cross section shows the bilateral symmetry dis- 
turbed only by the parietal canal, which is confined to the left side, and by the pore. 

The vestibule first shows a radial structure when it has moved entirely onto 
the free posterior end, while in the section of the calyx adjoining the column there 
is even then no indication of a radial arrangement. 

The rays in the stalked larva are indicated by Seeliger with the numbers 
I-V: Ray V stands in the median plane of the bilateral larva ventrally; that is 
to say, the plane in which the last trace of the vestibular invagination has dis- 
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appeared. To the left of ray V is ray I, and to the right ray IV. The left 
dorsal ray is ray II, and the right dorsal ray ray III. 

Thus the pore lies between radii I and V, but very near the former. 

The five primary hydrocele evaginations coincide with the radii I-V. 


ECTODERM 


The ciliated bands disappear immediately after the fixation of the larva, and 
the ectodermal epithelium shows a uniform structure throughout. The first (most 
anterior) incomplete band is the first to go, followed a few hours later by all the 
others. The disappearance of the first band may even occur before fixation. 
Occasionally free larvee are found lying on the bottom of the containers which 
have lost all of the ciliated bands. But it is possible that these larve are incapable 
of further development, and in general it is correct to consider the disappearance 
of the cilia as the result of attachment. 

It has already been mentioned how in the intermediate zones of the older free- 
swimming larva the cells begin to secrete a homogeneous hyaline substance while 
their protoplasmic content decreases in volume so that the epithelial layer appears 
loose. After fixation the same process takes place in the ciliated bands, so that 
very soon their borders are no longer demonstrable. 

When this process has been completed the whole ectoderm is composed of 
detached spindle-shaped cells, considerably elongated, which for the most part 
stand at right angles to the surface, in section resembling somewhat the palisades 
of a wooden fence. In addition there are found other types of cells, some of 
pyramidlike shape with broadly expanded bases turned either outward or inward 
and long drawn out apices, and others more rounde:, almost spherical. 

The spindle-shaped forms predominate in the anterior section of the column, 
while the rounded forms are more commonly met with in the region of the hydro- 
ceele ring. In the middle of the cells are the nuclei, which are sometimes seen 
in process of division. 

In general cell division in the ectoderm is rare at this stage, and an appreciable 
enlargement of the number of cells no longer occurs. It is possible that with the 
increase in the intermediate substance in the ectoderm the cell borders entirely 
disappear. 

Some of the ectoderm cells have withdrawn from the surface and have assumed 
a subepithelial position, a process the commencement of which may be observed 
in the older free-swimming larve. In addition to these cells, which have passed 
out of the ectoderm in their entiety, there are others, originally subepithelial in 
position, which have arisen through the division of ectoderm cells parallel to the 
body surface instead of at right angles to it. 

In the free-swimming larve the ectodermal body epithelium is everywhere 
sharply defined, and nowhere can there be a doubt whether a given element belongs 
to the ectoderm or to the mesenchyme. But soon after attachment the relation 
between the ectoderm and the inner elements undergoes an important change. 
Simultaneously with the inward migration of numerous ectoderm cells, and the 
giving off from them of processes directed into the body cavity, individual star- 
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shaped mesenchyme cells increase the length of their processes, which then unite 
with those of the ectoderm cells. When it is considered that individual ectoderm 
elements of varied form pass down beneath the processes of the others, and that 
individual mesenchyme cells pass upward to the same level, it is obvious that a 
sharp line of demarcation between the ectoderm and mesoderm can no longer be 
drawn, and that in regard to numerous cells it is impossible to determine the layer 
from which they have arisen. 

In many cases Seeliger found the histological character of the ectoderm at 
the posterior end of the body, where it forms the closed roof of the vestibule, some- 
what different from that covering the remaining portions of the body surface. 

Under the sharply defined external layer is a layer of plasma containing 
numerous nuclei; cell borders are only to be made out vaguely in a few places. 
Toward the body cavity a few pinlike plasmatic processes extend, and between 
them are a few subepithelial ectoderm cells which are united with the superficial 
cells by broad plasmatic bridges. 

The central portion of the flattened ectoderm wall of the vestibule has already 
approached the outer body wall, indicating the position of the later rupture. 
In younger larve this region is often one of especial thickness, including an 
abundant connective tissue which later is in part resorbed. 

Immediately after the attachment the whole region of the apical pit undergoes 
the same alterations as the rest of the ectodermal epithelium, and becomes in 
every way similar to it. The tuft of cilia vanishes; with the appearance of the 
intermediate substance the sense and supporting cells lose their characteristic 
forms, and the ganglion cells also can no longer be recognized as such. The thick 
layer of nerve fibrillee disappears, and the membrane separating it from the body 
cavity is no longer demonstrable. There is no further trace of the longitudinal 
nerve cords running on either side of the vestibular invagination. 

After fixation the region of the attachment pit quickly broadens to a disklike 
structure, which in the older larvee may acquire a very considerable circumference. 
Over the surface of this disk there is a thin layer of a viscous secretion arising 
from the gland cells which accomplishes the fixation. The surface itself is quite 
smooth, without processes which might penetrate a foreign substance. 

The terminal stem plate has now moved down directly on to the place of 
attachment, and in some places is coveered only by a single, sometimes very thin, 
layer of cells. Some of these cells stretch out coarser or finer processes through 
the holes in the plate. The nuclei can be easily recognized in the granular plasma; 
they show the chromatin in varying amounts and arranged in different ways. 


VESTIBULE. 


Normally very soon after fixation, but exceptionally at the end of a long free- 
swimming period, the vestibular invagination becomes entirely closed off from 
the ectodermal epithelium. This process takes place very quickly, within a few 
hours. 
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At first the vestibule extends over the entire ventral side, and encroaches 
slightly on the posterior end. Later it migrates posteriorly until it leaves the 
ventral side and becomes confined to the posterior end, which it entirely covers. 

When the anterior portion of the vestibule is still open the various walls of 
the posterior closed part are seen to be very differently constituted. The whole 
basal wall is extraordinarily thickened and lies close down upon the water vessel 
so that the tentacular evaginations force themselves into it. The side of the 
vestibular wall turned toward the lumen is entirely smooth, and of the tentacles 
there is nothing to be seen. 

Through the center of the as yet unclosed hydrocele ring a solid process runs 
toward the gut to which it is attached. This represents the place on which in the 
free-swimming larva a peglike process is formed on the primitive gut. 

As a rule after the closure of the vestibule the ectodermal portion can be 
differentiated histologically from the entodermal. 

In the anterior part of the basal wall the nuclei lie almost exclusively very 
close to the body cavity; posteriorly they become more numerous, and not only are 
not restricted to the innermost portion of the cells, but occur as far as the middle, 
and occasionally in the outer halves. . 

Seeliger was not able to demonstrate cell borders. Toward the posterior end 
the basal wall gives the impression of a multinuclear plastic plasma mass, and 
very often here a lighter middle zone can be differentiated between two darker 
bordering zones. While in the latter the plasma usually appears granulated, in 
the clearer portion the general impression is that of a fibrillar structure. 

The zones show individual variation in extent as well as in position, and in 
many cases are quite lacking. In that event the whole base is composed of a 
uniform finely granulated plasma. Since sections of the ciliated bands as well 
as of the intermediate areas are involved in the formation of the vestibule, it is 
perhaps possible that the differences are traceable to this. 

In addition to the nuclei, which are quite typical and generally poor in 
chromatin, there are very numerous (in the light zone much less frequent) 
smaller rounded bodies which stain very intensively in hematoxylin and retain 
the stain as tenaciously as the chromatin of the nuclei. Bury believed these to 
be phagocytes. Seeliger at first considered them chromatin granules from 
degenerated nuclei, but later supposed them to be bodies arising in the plasma 
which were later consumed. 

In the hinder part the lumen of the closed vestibule is crescentic in section, 
with the concave side turned inwardly; in the anterior portion it is elliptical, 
with the longer axis transverse. 

In the cuticular layer bordering the vestibular cavity a radial striping can 
no longer be demonstrated. 

From the floor of the vestibule outward the walls decrease rapidly in thick- 
ness, and in the median plane ventrally the lumen is separated from the exterior 
only by a very fine layer of cells. This ventral wall is of only a single layer; in 
the mid-zone it is composed of cubical and flat pavement cells, which laterally 
become gradually higher while at the same time their borders become indistinct. 
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Corresponding to the transversely elliptical cross section of the vestibule, the 
ventral side of the larva in the posterior portion is slightly flattened. Just over 
the vestibule the cell layer is especially thin, and in the median line there are no 
mesenchyme cells beneath the ectoderm. Thus the two borders of the ventral side 
of the larve stand out prominently on cross section, and one is easily tempted 
to find in this evidence of the inception of the radial structure, though as a matter 
of fact the future radii do not lie along these prominent borders, and originate 
quite independently of them. 

In the next stage the vestibule has moved entirely within the calyx section 
of the larva and has extended itself out over the greater part of the posterior end. 
The ventral (outer) wall has become markedly thinner and shows a frail pave- 
ment epithelium. It is entirely distinct from the mesenchyme. 

The hydroceele ring has become noticeably wider, and an extensive, though 
shallow, proliferation from the floor of the vestibule now entirely fills the central 
space where earlier only a short peglike process was present. 

Throughout the whole floor the nuclei lie in several superposed layers, but 
only in a few places can cell borders be demonstrated, and these almost never 
can be followed through its entire thickness. 

In the succeeding stage the vestibule moves completely onto the posterior end 
of the animal. It no longer extends over the hydroccele ring ventrally, while 
dorsally it is already beginning to grow over the evaginations from the water 
vessel—the beginnings of the tentacles. 

The central proliferation extending through the water vascular ring has 
enlarged noticeably, while it has grown anteriorly to before the hydrocele, its 
advance being parallel to the posterior withdrawal of the end of the vestibule. 
As this proliferation has migrated anteriorly with the gut, and in the meantime 
has completely broken through, it is clear that the esophagus, passing through 
the floor of the vestibule and the hydroceele ring, is ectodermal in origin, uniting 
itself with the stomach by means of the peglike process of the latter. 

In the funnel-shaped esophagus, which is histologically very different from 
the gut, cell borders can again be demonstrated through the entire thickness. In 
spite of the apparent arrangement of the nuclei in several layers there can be shown 
to be a single-layered epithelium of very high, slender prismatic cells the nuclei of 
which lie near the middle, though in neighboring cells at different heights. 

The tentacle evaginations from the hydroccele are already visible in the cavity 
of the vestibule. 

The vestibule, having become more and more extensive, now includes the 
entire posterior end of the calyx section. Its outer wall is cup shaped, the pos- 
terior end (the base of the cup) reunded pentagonal, the anterior border (the 
lip of the cup) where it goes over into the tentacle investment with at first very 
strongly rounded angles and broader than the flattened posterior end. 

The lining is composed of pavement epithelium and lies closely upon the ecto- 
derm layer, from which it is separated by sparse mesenchyme tissue. 

On the basal surface important alterations have taken place. The five evagi- 
nations from the hydrocele, at a time when they are scarcely perceptible within 
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the cavity of the vestibule, each divide themselves into three parts. Thus are 
formed 15 tentacles which grow rapidly to cylindrical processes and receive an 
ectodermal investment from the base of the vestibule. 

Simultaneously with the migration of the vestibule the hydrocele ring has 
assumed a position almost exactly at right angles to the major axis. It has 
become noticeably wider, but still remains narrower than the diameter of the 
anterior (basal) vestibular border, so that the tentacles rise directly within the 
latter. 

The arrangement of the tentacles in five groups of three each corresponds to 
the radial structure of the adult. The five central tentacles lie in radii I-V and 
farther outwardly than the others, since they occupy the rounded angles of the 
pentagon. The groups of tentacles are separated in the interradial planes. As 
yet the insertions of the tentacles are not quite in the same plane, so that in a 
transverse section they are cut through at different heights. 

The ectoderm of the tentacles is composed throughout of rather high cylin- 
drical cells disposed in a single layer. On the inner side it is somewhat higher 
than elsewhere, and here, since the nuclei lie at different heights in adjoining 
cells, it often appears to be arranged in several layers. 

On sections through the bases of the tentacle groups the ectoderm on the 
inner side of the three tentacles appears fused together, that on the outer wall 
being well defined. 

In slightly older larvxe the esophagus is composed of elongated, almost wand- 
shaped cells, most of which have the nuclei in the middle. 

In a somewhat more advanced stage the number of tentacles has risen to 25, 
for two interradial tentacles have formed between each of the groups of three. 
These are noticeably shorter than the others and are united at the base by a bridge- 
like elevation of the vestibule wall. Though similarly arising from the hydro- 
cele, they are situated more toward the central axis of the animal than the other 
tentacles, so that they stand on the periphery of a circle of smaller diameter. 
Their structure is identical with that of the older tentacles. 

Before the rupture of the vestibule the tentacles grow to a considerable length, 
their ends bending inward under the roof of the vestibule toward the center. In 
part the extension of the tentacles takes place at the expense of their diameter, 
which becomes progressively less and less. 


INTESTINAL CANAL. 


Soon after fixation the gut appears much extended and balloon-like, a little 
flattened toward the hydrocele, and through the center of the latter connected 
with the vestibule. 

In the older free-swimming larve individual entoderm cells can be seen to 
detach themselves from approximately the center of the epithelial lining of the 
flattened wall and to enter the lumen, though usually this process first takes place 
in the fixed larva. Apparently none of these cells are given off from the dorsal 
wall. In the nourishing juices in the cavity of the gut these cells multiply with 
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extreme rapidity, becoming continually smaller. Only in the first stages can 
indirect nuclear division be clearly recognized. 

Sections through animals in which the gut is completely filled show that the 
wall of the gut itself has no definite cell boundaries, and inwardly passes imper- 
ceptibly into the yolklike interior mass. But along the walls of the gut the nuclei, 
in the resting stage and mostly very poor in chromatin, are visible. These are very 
clearly differentiated from the elements of the inner mass, which are exceptionally 
small, strongly stained, and arise from the nuclei of the cells which have passed 
into the gut lumen, by their relatively large size, the possession of a distinct outer 
membrane, and the always rounded shape. Apparently in the breaking down of 
the cells within the gut lumen the chromatin substance within the nuclei breaks 
in pieces and becomes irregularly divided, giving rise to the strongly colored 
specks abundant within the central mass. In addition to these specks, probably 
nuclear fragments, there are others, larger, with strongly stained inclusions. 
These may be looked upon as products of the plasma itself, though this is not 
certain. Later these disappear also. 

A completely broken-down yolklike mass is not always formed within the gut 
lumen. In many cases, probably when relatively few entoderm cells have entered, 
one sees mostly separated cell fragments with relatively little yolklike material. 
But the ultimate fate of the cell mass, entire resorption through the wall of the 
gut, is the same in all cases. 

Though the entry of entoderm cells into the gut lumen probably is never 
entirely stopped, in some cases it is very greatly reduced, and then from the single 
layered epithelium of the gut there appear protoplasmic pseudopodia-like processes 
extending inward on which isolated cells lie. 

Later the cell borders again make their appearance and the gut wall appears 
as an epithelium of cylindrical cells of which the nuclei lie near the outer ends. 

It can now be seen that a part of the elements of the inner mass has been 
taken up by the walls of the gut, while more is about to follow. The distinctness 
of the elements filling the lumen from those composing the gut epithelium can be 
determined with greater clearness. The former advance to the outer cell ends of 
the latter and become gradually absorbed so that finally only chromatin bodies are 
to be seen, which likewise finally disappear. The nuclei of the gut epithelium are 
easily differentiated from the elements within the gut lumen since they exhibit all 
the characteristics of resting nuclei. 

Immediately after the attachment the entire gut appears extended and balloon- 
like, but very soon the ventral side becomes concave in such a way that the chief 
mass of the gut lies on the originally left side near radii I and II, while a smaller 
part, appearing as a hornlike process of the other, occupies the right side, its blind 
end being ventrally on the right between radii IV and V. 

The union with the vestibule takes place through the esophagus on the left 
side ventrally between radii I and V. 

The difference between these two portions of the gut becomes more and more 
pronounced. The one lying to the left and dorsally again assumes a more or less 
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spherical form and becomes the stomach, while the other, resting on this with a 
broad base, becomes a horizontal tube tapering to its blind end and forming the 
blind gut. This latter quickly elongates, growing from right to left on the ventral 
side, until at about the one hundredth hour it has reached approximately the 
radius V. It runs in the now horizontal mesentery between the originally left 
(oral) and right (aboral) ccelome in such a way that it only borders the oral coelome 
with its posterior edge, while it protrudes into the aboral so that in section it 
appears laterally and anteriorly surrounded by it. 

For a long time the gut, clear to the blind end, is filled with the mass of disin- 
tegrated cells. 


CCELOME AND ITS DRRIVATIVES (AXIAL AND CHAMBBSRED ORGANS). 


The alterations which take place in the two ccelomic pockets focus in changes 
in position which are determined by the progress in the formation of the vestibule 
and the intrusion of the closed vestibule into the hinder end of the larva. 

The turning about of the mesentery separating the two sections of the celome 
takes place according to the same plan as that of the floor of the vestibule, so 
that it passes over from the vertical to the horizontal plane and comes to he at 
right angles to the major axis. 

A longitudinal section through a 28-hour larva, just attached, shows the 
coelomic sack only slightly altered. The mesentery has the shape of a horseshoe 
and lies with both its side pieces, which are not quite the same, extending anteriorly 
and somewhat ventrally, almost parallel with the floor of the vestibule. 

A cross section of a larva in which the vestibule is entirely closed cut on the 
plane passing through the anterior end of the hydroceele shows similar relation- 
ships; but the right coelome has become more noticeably extended and on the 
right side entirely covers the anterior tip of the left outwardly and reaches as 
far as the vestibule. It also broadens out ventrally, inserting itself between the 
gut and the tip of the left ccelome, which advances toward the median line to 
intrude itself between the hydrocele and gut. 

On the other hand, the right side piece of the left ccelome extends itself on 
the ventral side considerably farther toward the median line than does the left, 
through which the circumstance, especially emphasized later, is already indicated 
that the opening of the horseshoe does not lie in the median plane of radius V, 
but is displaced toward the left. 

As the mesentery gradually acquires a horizontal position the last-mentioned 
processes take on a greater and greater significance. Sections cut parallel to the 
major axis illustrate this. 

A section lying near the median plane shows the left celome cut through 
dorsally and posteriorly between the gut and hydrocele, which have now become 
considerably separated. In this space the left ccoelome has extended itself as far 
inward as the union between the gut and the floor of the vestibule. 

The sections to the right and left of this show that the left ccelome lies 
entirely between the gut and hydrocele. The horseshoe-shaped form in cross 
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section has become narrowly elongate with indentations in which the horizontal 
part of the parietal canal, the stone canal, and the esophagus lie. 

Later the horizontal position is entirely attained, and the left ccelome, which 
by the older authors is now known as the oral ceelome, surrounds the esophagus, 
the broad ring being interrupted only on the ventral side. It is now no longer 
an entirely distinct cavity, for it has become united with the right eccelomic sack. 

During all these changes the wall remains of one layer of cells, but owing 
to its great extension this cell layer has become a fine pavement epithelium, which, 
however, can always be clearly differentiated from the mesenchyme. 

On the sides forming the ventral (vertical) mesentery, where the cireumeso- 
phageal ring is interrupted, the cells are, especially in younger stages, somewhat 
higher and richer in plasma, and here an epithelium of cylindrical cells may 
be found. 

The changes in the right celomic sack are much more complicated. 

This has extended itself ventrally, and anterior to the middle beyond the 
tip of the left ccelome it has pressed forward on the right side almost as far as 
the median plane, from which on the left side it is separated only by a branch of 
the parietal canal. 

The foremost end of the sack from which the chambered organ arises shows 
in section a peculiar horseshoelike figure arising from a deep fold proceeding 
inward from the ventral side between radii IV and V which is directed dorsally 
and a little toward the left. This place represents that on which, in the free- 
swimming larva, there have already appeared two diverticula from the right 
ccelome, of which the median partition walls remain united to form a vertical 
mesentery; only in the torsion of the internal organs it has become a little ad- 
vanced ventrally. 

In this vertical septum the cells on the left side are considerably thicker 
than on other places, where they form a fine pavement epithelium. There is no 
trace of a fusion of the cells with those of the mesenchyme. 

The chambered organ is essentially as previously described; between the 
evaginations 1 and 5 lies the deep furrow corresponding to the anterior end of 
the vertical mesentery. As before, the most anterior ends are drawn out cordlike 
through the circular openings in the columnals as far as the terminal stem plate. 
In these cords cell borders are no longer recognizable; the nuclei, which stain 
fairly well, are elongated longitudinally. 

As the wall of the vestibule, the hydrocele and the left ccelome become more 
and more horizontal, the parietal canal on the ventral side becomes shoved more 
and more posteriorly, so that it no longer lies on the ventral side of the gut, 
but of the esophagus. 

Correlatively the right ccelome extends outward over the ventral side of the 
gut, pushing anteriorly as well as posteriorly, and the vertical mesentery becomes 
more and more elongated posteriorly. 

The two blind ends have grown out from right and left to the median 
plane, without as yet having united. The right tip lies over the left, the latter 
remaining closely appressed to the gut. 
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In this way the vertical mesentery has been formed in the compass of the 
right coelome, and the ventral mesentery lies a little to the right of the median 
plane, between radii IV and V. Toward the foremost end it approaches the 
median plane more closely and passes over directly into the wall of the furrow 
described above. 

The vertical mesentery posteriorly does not run dorso-ventrally, but obliquely, 
more or less parallel to a line joining the outer ends of radii IV and V. There 
is, however, much individual variation regarding its direction as well as its length. 
Anteriorly it becomes longer and more nearly parallel to the median plane, since 
here the right extremity of the left no longer covers it. 

During these changes the place of origin of the chambered organ remains 
at the anterior end, moving only slightly anteriorly. The individual chambers 
are usually very easy to recognize; through the thinning of their walls their 
lumina have become more extensive. 

At this stage the so-called axial organ first makes its appearance. At about 
the twenty-eighth hour there is to be seen a simple thickening of the left wall 
of the vertical mesentery directly behind the place on which the chambered organ 
appears. This thickening consists in an increase in height of the epithelial cells. 
Nuclear divisions parallel to the surface of the epithelium can be observed which 
later bring about the several-layered condition of this region. A small cell group 
pushes itself out and advances between the bases of the two ventral tubes of the 
chambered organ. This is the most anterior end of the axial organ. 

In somewhat later stages the axial organ without exception lies near the 
vertical mesentery in the left extremity of the right eelome. It shows itself 
first as a thickening of the wall of the mesentery jutting out into the celome. 
The nuclei of its cells resemble those in the cells of the remaining portions of the 
celome wall. 

Somewhat later it has doubled in length, and has come to lie entirely on the 
mesentery. Anteriorly, toward the column, it has only united with the left wall 
of the mesentery for a short distance, but posteriorly the union is more extensive. 

The nuclei of the constituent cells are now not all alike, for some have become 
larger and vesicular, and are surrounded by a thicker plasma zone. 

Posteriorly the thickening in the left wall of the mesentery gradually flattens 
itself out before it reaches the hinder border of the celome wall. 

Anteriorly where the axial organ lies entirely separate between the two walls 
of the vertical mesentery it can be followed as far as the calyx border. Since here 
it appears in section in the form of a dorsally directed fold, it is evident that it 
goes still further anteriorly and enters the column between the ventral processes 
of the chambered organ. 

After the vestibule has completed its migration to the posterior end of the 
animal and the oral ccelome has become horizontal the changes in the right or 
aboral ccelome cease for a time. 

On the ventral side it has extended outward over the stomach and the 
posterior gut section, and also incloses the greater part of the esophagus. Between 
radius 4 and radius 5 it has grown far posteriorly, and there on some places covers 
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the left celome exteriorly, although this also in the same region extends further 
posteriorly than elsewhere. 

In the individual the form of the body cavity is determined through the 
progressive development of the intestinal canal; with the exception of the posterior 
side on which lies the oral ccelome this remains entirely inclosed in the epithelium 
of the right ccelome. 

When the stomach and gut are excessively extended by an anusually large 
inner mass, the outer and inner ccelomic layers are closely pressed against each 
other, and there is no body cavity to be seen. On the dorsal side this is frequently 
observed ; but ventrally there always persists a more or less extensive space between 
the stomach and lateral extension of the gut where the originally left tip lies. 
This part of the right celome grows posteriorly independently so that it appears 
on cross sections as a blind sack closed on all sides. 

The hinder section of the gut lies on the border of the oral celome in the 
vertical mesentery, and so as a result of its enlargement the two layers of the 
latter become spread apart, retaining their former close association only anteriorly. 
It further comes about that the place of union between the gut and stomach 
gradually narrows dorso-ventrally, and thus the blind end of the aboral celome 
lying in this corner shoves itself further dorsally. So the gut remains in spite 
of its increased length covered on all sides by ccelomic epithelium. 

The region between esophagus, stomach, and middle gut is where the horizontal 
mesentery vanishes, and both parts of the ecelome unite. 

It is the right ventral tip of the oral celome which breaks through into the 
left portion of the aboral. The opening appears first at the ventral end near 
the median plane and extends thence dorsalward toward the right. 

First the two layers of epithelium grow together; later in the center of this 
region an extraordinarily fine slitlike cavity is formed, which widens rapidly, 
while along its borders the two layers become completely fused, passing uninter- 
ruptedly over into each other. Since before the union the walls of the two cavities 
were histologically similar, it is now impossible to discover at what point the 
union took place except on a circumscribed, region on the inner side where, at 
least at first, the extension of the axial organ characterizes the right ccelome. 

At this stage the axial organ occupies the entire extent of the ventral side 
of the inner wall of the aboral ecelome. In the most anterior part, near the cham- 
bered organ, it lies as a solid cord of cells on the vertical mesentery. Further 
posteriorly it becomes more prominent, standing out as a pleatlike thickening lying 
on the gut. At the posterior end is the youngest developmental stage. There is no 
evidence that mesenchyme cells take part in its formation. 

Under high magnification it can be easily seen how the flat ccelomic epithelium 
juts out into the body cavity and the cells involved become richer in plasma and 
divide, so that a several layered swelling results among the cells of which there 
very soon appears a differentiation of the nuclei, some rapidly increasing in size 
and becoming vesicnlar. 
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In individual larvee soon after the first formation of the axial organ strikingly 
large vesicular nuclei appear which have quite the aspect of germ vesicles. They 
surround themselves with an especially thick plasma zone, and their bulk appears 
so considerable in contrast to that of neighboring cells that they give the impression 
of young egg cells. 

Seeliger believes it is possible that this condition may indicate the animals 
later to become females. 

The axial organ does not run in an absolutely straight line; clinging to the 
curve of the stomach and esophagus, it is more or less sausage-shaped. The 
posterior end lies on the border of the oral and aboral ceelome, while the anterior 
proceeds into the column where it becomes extremely difficult to follow. 

At the end of the gut the axial organ bends toward the major axis and enters 
the stem at the place on which in younger stages the ventral furrow in the foremost 
end of the ceelome was present, between the first and fifth tubes of the chambered 
organ. 

In the description of the origin of the chambered organ it has been mentioned 
that mesenchyme cells accumulate on the evaginations of the ccelome in order to 
take part in the formation of the cords running through the column, and the same 
possibility is present here. 

On the other hand, it is conceivable that the walls of the chambered organ 
on the sides toward the axis might through proliferation form a central string 
which subsequently united itself with the axial organ of the calyx. 

Finally the axial organ of the calyx, which already in the early stages enters 
the chambered organ as an isolated cord, may quite independently enlarge and 
elongate posteriorly throughout the entire column. 

In the oldest larve of this stage the formation of trabecule begins in the 
aboral celome. In isolated instances single cells raise themselves up at right 
angles to the plane of the epithelial wall, their broad bases dovetailed in among 
the other cells, their outer ends projecting far into the body cavity. In these cells 
the nucleus is usually displaced toward the middle. This process has taken place 
much more extensively in the hydrocele. 


HYDROCGLE. 


Like the vestibule, the hydrocele ring, at first placed parallel to the major 
axis of the body, gradually turns through an angle of 90° until it comes to rest 
practically at right angles to this axis under the now transverse floor of the 
vestibule. In this migration it maintains throughout the same relations with 
the latter. 

The break in the continuity of the ring lies between radii I and V; that is 
to say, in the same interradius as the pore. 

The hydrocele is embedded in the thick basal wall of the vestibule. As it 
passes from a longitudinal to a transverse position the more extensive becomes 
the proliferation of cells from the vestibule floor, which will eventually form 
the esophagus. 
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A lumen is always demonstrable in the hydroceele, though it is frequently 
much narrowed dorso-ventrally. 

During the turning the five broad evaginations of the hydrocele ring alter 
their form, becoming narrower radially, and appearing as elongate lappetlike 
structures. At the same time their distal ends, embedded in the floor of the 
vestibule, begin to divide into three points, so that now 15 processes are present. 
These are the beginnings of the 15 hydrocele tentacles, but at first they are only 
of inconsiderable length, and are entirely concealed in the vestibular wall. 

The way in which the left ccelome inserts itself between the gut and hydro- 
cele ring, bordering the anterior wall of the latter, which earlier was directed 
dorsally, has already been noticed. 

Histologically the wall of the hydrocele is a single-layered cylindrical or 
cubical epithelium of considerable thickness. Except in the ring, where the 
lumen is most extensive, the walls are usually thicker than the diameter of the 
central canal. 

As a result of the strong curvature of the walls the latter appear very 
commonly in sections to be made up of several layers, chiefly for the reason that 
the nuclei are not everywhere at the same height. 

After the hydrocele ring has attained a horizontal position it remains open 
for a long time between radii I and V, the interradius in which the horseshoe- 
shaped oral ceelome is also open. 

Between the five primary evaginations the ring is almost circular in section, 
but near the latter it passes to an oval form, elongated parallel to the major axis. 

The originally high cylindrical cells of the wall become lower and lower, 
and shortly before the rupture of the vestibule they have transformed into low, 
in part pavement, cells which are somewhat swollen in the middle, where they 
carry the nuclei. This process continuing, a fine pavement epithelium is formed, 
which becomes somewhat thicker on the inner side of the ring. Very noticeable 
are elongated, often thread-shaped cells, which are always to be found in larve 
of this age traversing the lumen of the canal and running radially between the 
outer and inner walls, to which they stand usually, though not always, at right 
angles. 

Rather early, usually on the third day, individual cells in the hydrocele canal 
and its processes raise themselves up and project freely into the lumen, in the 
same way as similar cells in the coelome. Usually these appear on the thicker 
inner wall, but occasionally on the outer. 

At first the cell rests entirely in the epithelium of the wall and is only dis- 
tinguishable from the neighboring cells through its spherical or pear-shaped 
form; but very quickly the free end elongates and passes entirely across the lumen 
to the opposite wall. 

The nuclei of these cells often remain at the base at the same height as the 
nuclei of the neighboring cells, although the cell itself has passed entirely across the 
lumen. But very commonly the original nuclei at the base divide and the daughter 
nuclei assume a position more or less near the middle of the lumen. Sometimes 
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also there is no nuclear division, but the original nucleus moves outward from the 
base into the middle of the filament. 

Before the formation of these trabecule begins the rudiments of the first 
15 hydroceele tentacles increase considerably in size and appear within the vesti- 
bule as small elevations. Scarcely have they reached an appreciable height when 
the 10 interradial tentacles appear at the base of each of the five original evagi- 
nations. There thus arise from each primary evagination five tentacles, three 
central, larger and older, and two lateral, one on either side, as yet rudimentary. 
The central tentacle in each group lies in the midradial plane. While the exten- 
sions of the hydrocele forming the 15 older tentacles are parallel to the major 
axis of the body, those giving rise to the 10 interradial tentacles lean inward 
toward that axis. 

All the tentacles are tubes composed of a single layer of epithelium ensheathed 
in the ectoderm of the vestibule. The lumen is very narrow, narrower than the 
diameter of the walls, and in the outer ends usually is not demonstrable on account 
of the two walls being pressed together. 

The borders of the cells in the tentacle walls are not always visible. When 
they can be seen the cells in a cross section of the tentacle appear as a truncated 
pyramid with the base outward, in a longitudinal section as a prism or cube. 

In the older free-swimming larve the commencement of the stone canal can 
be recognized as a pointed process on the right (originally left) end of the hydro- 
cele ring. After the assumption by the latter of a position at right angles to 
the major axis it still occupies the same place, between radii I and V, arising 
from the wall of the ring toward the oral ccelome. It has become a short S-shaped 
canal showing little individual variation, which lies entirely in the compass of the 
oral eccelome, between its two side branches. From its point of origin on the 
lhydrocele ring it turns toward the left and anteriorly, then ventrally and toward 
the right. For a long time its end remains closed, though thrust against the left 
inner wall of the parietal canal. The opening of the blind end into the parietal 
eanal usually takes place on the fourth day. 

The walls of the stone canal are composed throughout of relatively high cells 
with centrally situated nuclei, exhibiting the histological features which in pre- 
vious stages had characterized the walls of the hydroccle ring itself, and which 
recur in the budding tentacles. As in these, the lumen is in most cases of con- 
siderably less diameter than the walls. 

In the part lying near the hydroceele ring a broadening of the lumen anteriorly 
and toward the left usually oceurs, which directly before the entrance into the 
parietal canal may expand into an ampullalike swelling. Here Seeliger found 
in some cases that the border of the lumen was cross striped, though he was unable 
to determine the presence of cilia. 


PARIETAL CANAL. 


The changes in the parietal canal during the early part of the attached exist- 
ence are closely connected with those in the vestibule and hydroceele. 
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On its first appearance in the embryo it is dorsal in relation to the hydroccele ; 
in the free-swimming larva it has become displaced in such a way that its chief 
piece lies on the ventral side anterior to the hydrocele; in the stalked larva it 
moves posteriorly in the same degree as the vestibule and hydrocele and comes 
to lie horizontally always, however, maintaining its primitive relations with the 
adjacent organs. 

The long anterior vertically running branch is very early withdrawn; it 
becomes shorter and shorter, loses its tubular shape, and appears as a pointed 
appendage of the transverse chief piece. This latter proceeds outwardly against 
the originally ventral side after the vestibule end has been entirely withdrawn. 

While in the beginning its anterior end stretched to the end of the gut, and 
in the free-swimming larva lay before it, nothing further is to be seen of it in 
this region. 

Posteriorly as well as anteriorly it is considerably compressed dorsoventrally 
and appears no longer as a transverse tube but as a sacklike structure which is 
somewhat longer in the major axis than in the transverse axis. 

It appears to have increased in extent relatively much less than the other 
organs. 

Since the chief part of the parietal canal has moved further posteriorly it 
has approached the plane of the pore, although always somewhat anterior to it. 
The ascending branch becomes more and more, though never quite, horizontal. 
The end piece runs approximately crosswise. While the outer end bends abruptly 
and opens outwardly through the pore, the inner end passes insensibly into the 
parietal cavity. The pore lies near a sacculus, a little ventral to radius I. 

Histologically only the portion of the end piece adjoining the pore differs 
from the conditions found in the parietal cavity, which is lined throughout with 
a pavement epithelium at this stage everywhere demonstrable and nowhere show- 
ing a fusion with the mesenchyme cells. Further toward the oral side, about the 
stone canal, the cells are mostly a little thicker and the epithelial character of 
the wall is more easily apparent. The extreme end, which makes an obtuse angle 
with the remaining portion and breaks through the ectoderm layer of the body 
wall, consists of rather higher cells. Although the lumen is more extensive than 
in the adjoining transverse canal, its diameter as a rule is less than that of the 
wall. In cross sections the end piece and its lumen are circular. On the inner 
side the cells bear a cuticlelike lining finely striped transversely and bearing cilia. 


MESENCHYME, 


Caleareous skeleton—As long as the vestibular invagination remains on 
the ventral side in the embryo, and in the free-swimming larva, the five basals 
and five orals lie in two horseshoes, of which the two arms are rather widely 
separated ventrally. When the vestibule has finally assumed its appointed place 
on the posterior end of the body the two series have rearranged themselves in two 
pentagonal systems at right angles to the major axis, directly superposed. 
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The individual plates are not quite parallel to the major axis, for the oral 
ends of the orals and the aboral ends of the basals mark the sides of smaller 
pentagons than those outlined by the approximated edges of the same plates. 
These plates therefore appear arranged in a five-sided double pyramid truncated 
at both apices. 

The relation of the calcareous pieces to the internal organs has also undergone 
a change. 

While the basals entirely surround the aboral ccelome the orals have migrated 
out of the compass of the oral ceelome, so that this now lies between the two 
systems. 

The pore lies between the aboral ends (bases) of the first and second orals, 
later becoming surrounded by the outermost processes of the first oral plates. 

The five orals stretch over the open vestibule anteriorly and aré movable; the 
five lappets in which they lie can be turned outward or inward, in the latter case 
closing the vestibular entrance. 

The basals and orals are now so placed that the first basal and first oral, 
directly superposed, lie in the interradius bounded by radii I and V, and the 
fifth in the interradius bounded by radii V and IV. 

The basals lie beneath the ectodermal layer, and almost on the parietal layer 
of the aboral ccelome. 

A weak layer of ectoderm, composed of mostly spindle-shaped cells standing 
at right angles to the surface, also covers the orals. Apparently with the increas- 
ing thickness of the orals all the mesenchyme cells of this region are drawn into 
their compass to contribute to the calcareous secretion, or possibly to form loose 
connective tissue filling the spaces in the calcareous meshwork. 

The individual plates increase in area through the formation of rods along 
their borders which fork and join with the neighboring rods; and also the whole 
meshwork thickens so that the spaces, at first broad, become narrower, and their 
polygonal form rounds itself off more and more until the plates finally acquire a 
sievelike appearance. 

The orals and basals do not always grow at the same rate; sometimes one 
series, sometimes the other, is more extensively developed; but very often also the 
difference is negligible. 

The infrabasals, five or four, very rarely three, in number, are disposed, not 
quite regularly spaced, in a circle of relatively small diameter about, or just 
beyond, the oral (posterior) end of the proximal columnal. They are obliquely 
placed in such a way that their aboral ends lie nearer the major axis than the oral. 
But the grade of the obliquity varies in different individuals, as well as in the 
different plates in the same series. They always, however, lie more horizontally 
than the basals. 

In the younger stages the individual plates in this series are usually of very 
' different sizes. In the rare cases where there are three only the central one is very 
small and the two lateral very large, suggesting the possibility that the latter have 
each arisen through the fusion of two originally separate beginnings. 
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The infrabasals eventually become fused to the proximal (most posterior) 
columnal, which is cup shaped, with a considerable central cavity for the reception 
of the chambered organ. Their anterior borders now reach to the aboral ends of 
the basals, which they begin to overlap. 

In a 110-hour larva the centrodorsal was similarly formed, but somewhat 
more extensive; it measured from 160» to 180 in diameter, and was composed of 
a somewhat finer meshwork than the basals. The suture between the infrabasals 
could no longer be recognized, but as the outermost border showed four low and 
broad projections it is probable that there originally had been four. 

The number of the skeletal elements in the column may be as high as 17 or 18, 
including the centrodorsal and the terminal stem plate, though in many cases it is 
three or four under this number. The distance between them gradually decreases 
toward the calyx. In the vicinity of the infrabasals they lie quite closely 
together, and in younger larve the proximal end of the series is in part overlapped 
by the aboral ends of the latter. 

As from the first the terminal stem plate considerably exceeds all the other 
columnals in size, and now lies entirely in the disklike broadening of the attached 
end of the body. 

The progressive decrease in the size of the following pieces becomes gradually 
less and less marked, but for a long time very small plates, apparently newly 
formed, lie just beneath the calyx, the last of these eventually fusing with the 
infrabasals to form the centrodorsal. When this occurs the number of columnals 
has risen to at the most 19. 

Meanwhile the columnals have become greatly altered. Those lying at the 
aboral end outstrip the others in their development, though the latter gradually 
overtake them so that finally all are essentially similar. But the thickness of the 
individual columnals decreases toward the calyx up to the last stage studied by 
Seeliger. 

In the younger fixed stage the crescentic form of the plates occurs only at the 
oral end. The crescents are open ventrally, and the regularly curved inner borders 
are smooth. From the outer borders single and dichotomously branched processes 
arise, of which those in the dorsal median line are the most developed, the others 
gradually decreasing in size toward the horns of the crescents. These last 
gradually grow together until they meet and a plate is formed which shows a large 
circular opening displaced excentrically toward the ventral side. Meanwhile 
an active growth of the calcareous processes takes place all about the periphery, 
which is still a considerable distance from the ectoderm of the stem, while peglike 
processes arise abundantly on the meshwork parallel to the longitudinal axis of the 
stem and at right angles to the plane of the columnals. These peglike processes, 
which occur very numerously even on the borders of the plates, grow very rapidly. 
They are mostly somewhat longer and thicker centrally than peripherally, though 
toward the center of the plate small ones may be found. In cross section they 
appear as glistening circular or oval structures forming an irregular broad band 
of dots. 
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A more developed columnal shows a sieve-formed plate with a circular central 
opening, through which pass the extensions of the axial organ and of the cham- 
bered organ, which in several places reach the outermost wall of the stem, where 
they are covered only by a membrane instead of being overlaid with cells. The 
longitudinal processes have become considerably longer and stronger, and at 
different heights cross branches bind them together. With the growth of these 
processes the plates become separated, and elongation of the column results. 

Although these longitudinal processes often overlap those of the neighboring 
columnals, fusion never occurs between them. 

Sacculi.—From 24 to 48 hours before the opening of the calyx the sacculi first 
make their appearance, one in each of the five angles of the calyx. 

Each sacculus originates from a small cluster of mesenchyme cells, which 
forms on the outer side of the ring canal at the base of the middle tentacle of 
each group. In cross sections through the larva they appear elongate, with the 
inner side lying closely upon a longer or shorter extent of the hydroccele wall. 
These clusters number from 8 to 12 cells, and they can be differentiated from the 
neighboring mesenchyme tissue of the body wall only through the closer approxi- 
mation of the cells. From the hydrocele, vestibule, and oral ccelome they are 
sharply and clearly differentiated. 

When the required number of cells have assembled no further additions are 
received from the mesenchyme, and the organ develops entirely from the circum- 
scribed cell cluster. 

At this stage the rounded form of the constituent cells results in the presence 
of a small gap between them, but there is no true lumen. 

Later the sacculus becomes somewhat enlarged, showing a definite wall 
composed of a single layer of cells which are somewhat larger on the side toward 
the hydrocele than outwardly, a definite lumen, and a few cells lying within the 
lumen and resting on the cells of the outer wall, some of which doubtless arose 
through the intrusion of the cells of the outer wall into the lumen. But whether 
some of these inner cells are derived from such of the cells in the original cluster 
as from the first have occupied a more central position, or whether at one stage 
all of the cells formed a continuous and even one-layered wall from which they 
have passed inward, has not been definitely determined. 

At this stage all the cells are rich in plasma and show prominent nuclei, which 
are somewhat larger than those in the mesenchyme cells. They stain more 
strongly than the neighboring cells of the body wall. 

Before the rupture of the vestibule the inner cells have become considerably 
more numerous. Nuclear division commonly occurs in the cells of the outer wall 
in which the spindles are mostly approximately at right angles to the surface of 
the sacculus, which appears to indicate that cell division will take place parallel 
to this surface. 

In cross section the sacculus now appears as a strongly colored, well-circum- 
scribed cell cluster, the elements of which, mostly rounded, are of different sizes 
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and show between them remnants of the earlier lumen. Already some of the inner 
cells appear about to disintegrate. 

Seeliger found that the sacculi on the pinnules in course of formation on a 
regenerating arm tip develop exactly as the first sacculi of the larvee. 

Connective tissue—The remaining mesenchyme cells of the larva, which take 
part neither in the construction of the calcareous plates nor in the formation of 
the sacculi, are collectively considered as composing the connective tissue. 

No sharp line can be drawn between these cells and those which lay down 
the calcareous framework, as it is impossible to determine which of the cells 
and cell groups within the interstices of the plates serve exclusively as connective 
tissue for the occupation of the spaces, and which serve only in secreting lime. 
It is possible that, in general, the more rounded mesenchyme cells may possess 
the latter function; but, on the other hand, it is also possible that the branched 
or spindle-shaped cells between the calcareous trelliswork in the column may 
exercise both functions. 

As already explained, the mesenchyme cells lying under the ectodermal epi- 
thelium merge with it and form a more or less uniform tissue in which the two 
original layers are no longer to be distinguished. Only from their position can 
it be inferred that the cells situated more deeply originate from the mesenchyme, 
and that the outer, which are often spindle shaped and placed at right angles to 
the surface, belong to the ectoderm. 

As the plates become more and more extensive the deeper layers of mesen- 
chyme cells gradually disappear to sink into the interstices of the calcareous 
skeleton and apparently also to take part in the enlargement of its various 
elements. 

Thus in the calyx of the older larve the much-thickened calcareous plates 
are in general covered only by a layer of ectoderm cells, mostly placed at right 
angles to the surface, all of the subepithelial cells being inclosed within the cal- 
eareous framework. Only in the radial planes between the plates does the body 
wall preserve its original appearance. In the stem only over the tapered ends 
of the masses of longitudinal bars arising in each direction from the primitive 
rings and between the individual columnals is the original character of the body 
wall retained. 

In the mesenchyme of the column connective tissue fibers are also found, 
which in part may be traced back to the structures already noticed in the free- 
swimming larvee, and in part are of later origin. 

The fate of the fibers is the free-swimming larve interpreted as muscular 
has not been determined; it is possible that they have broken down. No muscle 
fibers have ever been demonstrated in the young attached larva, though possibly 
they exist but have not been differentiated from other connective tissue elements. 
If any occur they could only be individual fibers, for the later musculature arises 
quite independently. 
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STALKED LARVA AFTER RUPTURE OF VESTIBULE, UP TO APPEARANCE OF 
RUDIMENTS OF ARMS. 


DESCRIPTION OF LARVA FROM FIFTH DAY TO SIXTH WEEK AFTER RUPITURE OF EGG MEMBRANE. 


In its general form the larva is now characterized by the sharper differen- 
tiation of the five-rayed calyx and the considerably elongated stem. In the calyx 
the vestibule has broken through, showing the 25 tentacles in five groups of 5 
each surrounding the mouth. 

At the time of the rupture of the vestibule (the fifth day) the larve have 
reached a length of about 1.25 mm. Five weeks after the liberation of the 
embryo the larve measure from the terminal stem plate to the outermost tips 
of the tentacles 3.25 mm.; about 2.50 mm. of this is included in the column. Aver- 
age measurements are difficult to give, as the calyx can change its form to the 


most extraordinary degree. 
ECTODERM, 


Eetoderm of body wall—While up to this time the pore formed the only con- 
nection between the interior of the larva and the surrounding fluid, two new ones 
now appear, through the rupture of the wall of the vestibule, and later through 
the formation of the anus. 

In the stage last described the portion of the wall of the body covering the 
vestibule had become considerably thinner. It becomes more and more flattened 
and then sunken and funnel-like in the center, where the outer cuticular layer 
on a very limited region merges with the pavement epithelium of the vestibular 
roof, and a perforation appears. This rapidly enlarges to an elongate rounded 
opening, which is large enough to permit the passage of the longest tentacle. 

Occasionally in conjunction with these processes a partial dissolution of mesen- 
chyme cells can be noted, the resultant fluid being absorbed by the neighboring 
tissues. 

In older larvee, of from 8 to 10 days, the opening into the vestibule has become 
considerably altered. From the original central aperture five radial excisions run 
outward between the five oral plates, so that the vestibular roof is divided into 
five lappets. These excisions gradually extend to the neighborhood of the hydro- 
cole ring, and the five lappets thus become the five triangular flaps containing the 
five triangular oral plates so well known in the “ prebrachial” or “cystid” stage. 

These five flaps are highly mobile; they may be turned inward, covering the 
vestibule and the tentacles, or opened widely outward so that the whole calyx 
appears disklike. This movement is rendered possible by a special musculature 
in the hydrocele wall, in the ring canal as well as in the tentacles. 

Histologically the ectoderm has undergone only inconsiderable changes. The 
protoplasmic cell bodies are somewhat more reduced than previously, the inter- 
mediate substance, on the other hand, being somewhat more extensive. About 
many nuclei the plasma is restricted to an extraordinarily thin layer, which is 
either stretched out threadlike or spindlelike at right angles to the surface, or 
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radiates out in several very fine pseudopodialike processes. In other cases the 
plasma has become more extensive, though similar in form. The branched 
processes of different cells may unite with each other and thus form a plasmatic 
net traversing the sievelike calyx plates. 

Apparently not all the nuclei of the ectoderm cells remain in the living state. 
In addition to such as show the typical form of the resting stage there are found 
others which clearly are beginning to dissolve. In the deeper layers it can not be 
determined with certainty whether these originally belonged to the outer layer or 
to the mesenchyme. 

The degenerative. changes are exhibited in different ways. Sometimes there 
is a shriveling of the nucleus and a decrease in the amount of chromatin; the 
nuclei appear small and pale with an indefinite contour, the chromatin granules 
being either absent entirely or appearing as irregular isolated peripheral specks. 
On the other hand, here and there strikingly large nuclei are to be seen, likewise 
feebly stained and without chromatin granules or chromosomes, but containing 
vacuoles or accessory inclusions and always surrounded with a very small amount 
of plasma. 

There is a possibility that these degenerative changes are not entirely normal, 
since they oceur only in individual instances and are not by any means general; 
but at all events an increase in the number of nuclei through division at this stage 
is most unusual. 

As during this period the surface area of the body is considerably increased 
it necessarily follows that the cells become more and more separated, and at the 
same time nuclear division becomes less and less frequent. 

_ In the living larve individual cells of a yellow color stand out prominently 
in the body wall and, less frequently, in the ectoderm of the tentacles. Except 
for the color these resemble in every way the colorless cells, but on being treated 
with reagents they seem to shrivel more readily, and they lose their spindlelike 
shape more easily than the others. 

It is possible, though not proved, that these are identical with the yellow 
cells of the free-swimming larvee. They lack the protruding club-shaped processes 
so characteristic of the others. 

In the column also the histological relationships of the ectoderm are only 
slightly different from those in the preceding stage. A cross section through the 
portion of the stem adjacent to the calyx shows a number of spindle-shaped and 
threadlike cells, lying more or less at right angles to the surface, with some star- 
shaped cells distributed among them. There is no sharp demarcation between 
ectoderm and mesenchyme. The whole external surface is covered with a trans- 
parent glassy cuticle, which at the base may reach a considerable thickness. 

Vestibular lining and nervous system.—At the end of the developmental period 
just described there could be differentiated on the ectodermal vestibular wall three 
sections—(1) a posterior and outer, showing a pavement epithelium; (2) the 
anterior basal wall, which goes over into the esophagus; and (3) the outer covering 
of the tentacles, which develops from the border zone of the basal region. 
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At the time of the appearance of the five radial excisions soon after the rupture 
of the vestibule the pavement epithelium of the inner side of the five flaps con- 
taining the orals can always be demonstrated as such; but gradually it transforms 
itself into a cuticlelike membrane without nuclei. Whether the nuclei become 
simply absorbed, or whether they retreat to the deeper layers of the body wall, 
has not been determined. The latter, however, is more probable, since before a 
homogeneous cuticlelike membrane is formed there is on many places a complete 
fusion of the ectodermal pavement epithelium with the mesenchyme, whereby the 
nuclei of the ectoderm cells, with the extremely attenuated plasma surrounding 
them, become united with a process from a mesenchyme cell. On the other hand, 
the inner investment of the orals in the oldest larve of this stage sometimes shows 
a pavement epithelium passing over uninterruptedly into a membrane devoid of 
nuclei, which must have arisen from the transformation of such an epithelium. 

Whether in still older larve the inner side of the orals is covered exclusively 
by a membrane Seeliger could not determine from lack of proper material; but 
it is not improbable that the transformation of the original pavement epithelium 
is carried through to its logical conclusion. 

Inwardly the pavement epithelium passes over into the outer wall of the 
tentacles, and between these into the floor of the vestibule, where an entirely 
different histological structure has now arisen. Outwardly, on the border of the 
oral flaps, it goes over directly into the cuticle formed from the ectoderm of the 
outer body wall. 

The basal wall of the vestibule, which extends out between the tentacle bases 
and leads into the esophagus, decreases considerably in thickness toward the 
outer border of the calical cavity, at the same time here spreading itself over a 
broader surface. On account of this the nuclei, previously lying in several layers, 
become rearranged in such a way that they now lie approximately in a single 
layer. This condition is most marked about the borders, so that the hydroccele 
ring is now covered on its inner side with a very fine pavement epithelium, which, 
at first running vertically, bends about the aboral border of the hydrocele ring 
into the horizontal oral disk, simultaneously gradually altering its histological 
nature. ; 

The component cells are outwardly cubical, becoming in the vicinity of the 
mouth high prisms bearing on their outer ends cilia which appear embedded in 
a clear cuticular border. 

Immediately about the mouth the epithelium resembles that of the esophagus, 
into which it passes over without a definite line of demarcation. According to 
the state of contraction this transition zone is sometimes drawn into the funnel- 
shaped invagination as an esophageal wall, and at other times spread out 
horizontally as circumoral disk epithelium. Thus, in contrast to the aboral side 
of the larva, the oral side preserves the epithelial character of the ectoderm. 

It is the epithelium of this transition zone, designated by Barrois as the 
intratentacular area, or secondary vestibule, which later spreads out over the 
entire ventral side of the disk and also throughout the ambulacral region of the 
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arms and pinnules, everywhere preserving in all essentials its original histological 
characteristics. 

In some of his oldest larvee Seeliger saw the cylindrical epithelium of the 
disk extend unmodified to the water vascular ring without passing through a 
broad intermediate zone, by which the gradual transformation to the pavement 
epithelium is brought about, as is commonly the case. He assumes that this results 
from the extension of the epithelium through an increase in the plasma content 
of the cells, whereby they are changed from the strongly flattened to the prismatic 
type resembling the form of the ancestor cells at the time the vestibule was still 
closed. 

There is no connection whatever between the nervous system of the free- 
swimming larva and the nerve ring of the stalked larva which develops into the 
ectodermal (ventral) nervous system of the adult. The latter first appears in 
the fourth week, a long time after the rupture of the vestibule, as a derivative from 
the ectoderm of the original vestibular invagination on the region where the 
epithelium of the disk passes over into that of the tentacles. In longitudinal 
sections this region is very early noticeable on account of the relatively high 
ectoderm cells which show closely crowded nuclei, contrasting strongly with the 
pavement epithelum on either side. 

The nerve ring lies close down on the hydrocele ring which, as will be 
noticed subsequently, is remarkable for the extremely strong ring muscular 
fibrilla. When these contract they press upon the nerve ring, and its borders 
stand out less sharply. When the calyx is opened out the two structures are 
separated by an intermediate space. 

At the first appearance of the nervous system the ectoderm of the region 
where it is found is composed of a single layer of cells which either have no definite 
borders at all, or show them only in their outer ends. Inwardly, toward the ring 
muscle of the hydroccele, the cell ends pass over into a substance which retains 
the stain rather more tenaciously than the outer part and appears fibrillar, with 
coarse ring fibrille running parallel to the surface which appear in cross section 
as coarse grains. The nuclei, rich in chromatin, are very prominent; they lie 
in the outer ends of the cells, though not all at the same level. Here and there 
one may be seen undergoing division. There is no doubt that the ring fibrille, 
which are nerve fibrille, as well as the intermediate substance in which they are 
embedded, have been formed from the basal part of the ectoderm cells. The 
appearance of the nerve ring is not simultaneous throughout its entire extent; 
it seems to form on several places simultaneously, gradually growing into a closed 
ring. But there is a possibility that the apparently nerveless intermediate zone 
may possess a very fine ring nerve not demonstrable on preserved material. 

In larve five weeks old the development of the nerve ring is somewhat 
further advanced. Over the now larger nerve fibrillar layer the ectodermal 
epithelium is now no longer one layered, for a number of cells have detached 
themselves and assumed a subepithelial position, in part lying with their outer 
ends between the bases of the epithelial cells, in part already entirely isolated from 
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them. Like the fibrille these cells, which eventually will become ganglion cells, do 
not appear simultaneously throughout the whole extent of the ring. 

At this stage cordlike processes from the nerve ring extend toward the bases 
of the tentacles, where in the single-layered ectoderm a few fibrille can be 
detected in the inner ends of the cells. These can not, as a rule, be followed 
farther into the tentacles, though preparations consisting of the whole animal 
sometimes show a fibrous cord running closely beneath the ectoderm which is prob- 
ably nervous. 

In the free-swimming larva, besides the nerve layer beneath the apical pit, 
there are two lateral nerve stems which run along either side of the vestibular 
groove. It could very well be that, as a result of these changes in the vestibule, 
these might come to occupy the same position as the later nerve ring. But appar- 
ently no such transformation occurs, the nervous system of the free-swimming 
larva disappearing in its entiety. 


ECTODERM OF THE TENTACLES, 


At the close of the developmental period last described there were 25 tentacles, 
each covered with a similar ectodermal epithelium. 

After the rupture of the vestibule the tentacles enlarge very rapidly and 
become movable to the highest degree. 

In the oldest larvee, up to the time of the appearance of the rudiments of 
the arms, the first 15 tentacles are immediately distinguishable in size and struc- 
ture from the 10 interradial. The former were called by Sir Wyville Thomson 
the “extensile tentacles,” the central one being the “azygous tentacle,’ and the 
latter the “nonextensile tentacles.” 

The number of interradial tentacles does not remain limited to 10 but increases 
through the appearance of new tentacles interradially between those already 
formed indiscriminately in the several radii. Occasionally new tentacles appear 
between the larger radial tentacles also. The highest number of tentacles observed 
by Seeliger at this stage was 29, 4 accessory tentacles having arisen. As pre- 
viously, the 15 older tentacles stand farther from the center of the animal than 
the 10 smaller and the accessory. 

While the 15 older tentacles are entirely independent of each other throughout 
their entire length, being only in contact at the base, the two interradial tentacles 
in each interradius are united across the interradial planes by an ectodermal fold, 
whereby the independent mobility of each is inhibited. 

These folds reach from the bases of the tentacles to somewhat beyond their 
middle. On their distal border they appear considerably thickened, so that on 
preparations made of the entire animal at first only this thickened edge is seen, 
stretching rafter-like between the two tentacles. But on sections it is easy to see 
that this is an ectodermal fold of which the inner wall passes over laterally into the 
tentacles and basally into the periphery of the oral disk at the place beneath which 
the nerve ring lies, while the outer, more strongly flattened, curls around into the 
inner wall of the oral flaps and is laterally produced into the ectodermal epithelium 
of the tentacles. 
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Between the body wall and the two layers of the fold there is seen in cross 
section a roughly quadrangular space, traversed only by a few plasmatic processes. 
These folds persisted in the most developed larvee examined by Seeliger. 

Younger larve, at the end of the second week, give the explanation of the 
origin of this union. In these it can be easily seen that the common origin of 
each pair of interradial tentacles is enveloped at the base by a common ectodermal 
sheath, from which the two points arise. The same condition is found at the 
base of each group of radial tentacles, but here the common basal ectodermal 
mantle is not enlarged, becoming instead eventually divided to the very roots 
of the tentacles. 

Simultaneously with the spreading out of the ectoderm of the 15 radial 
tentacles over an enlarged surface, there takes place within it marked histological 
changes during which the original uniformity of the cells disappears. 

A cross section through a radial tentacle of an 11-day larva shows the nuclei 
gathering into groups, the groups being separated by small intermediate zones, 
in which nuclei are sparsely distributed or are entirely absent. 

In the regions where the nuclei are grouped, indicating the places of origin 
of the papille, the ectoderm is thickened and elevated, protruding in the form 
of a peg, which appears hyaline and almost homogeneous and is composed of 
the metamorphosed outer ends of the protoplasmic cell bodies. Cell borders can 
not be determined either in the outer part or in the thickened basal section. 

The nuclei are often seen in process of division. Sometimes a small nucleus 
can be seen in the distal cuticular tip of the structure. Whether this is natural, 
or artificialy induced, has not been determined, but at all events in the fully 
formed papille nuclei occur only in the basal part. 

The papillz, as becomes increasingly more evident in later stages, are arranged 
in four somewhat irregular longitudinal rows. Those situated basally are less 
advanced in development than the distal. 

In larve four or five weeks old the papille have reached the perfected form 
and resemble in all essentials those of the ambulacral regions of the adult animals. 

The tentacles themselves have become rather long, very active organs, which 
taper slightly toward the distal end where they are more densely covered with 
papillz than at the base, so much so, indeed, that the bases of these are every- 
where in mutual contact, and the epithelium therefore appears uniformly beset 
with nuclei, without intermediate zones. Here the papille are especially well 
developed, measuring at their bases more than one-third of the circumference of 
the tentacles, which is here considerably reduced. Since their arrangement in 
longitudinal rows, though more or less disturbed, persists to the tip, they have 
become considerably displaced by crowding. Thus on a cross section relatively few 
are cut across, but farther basalward, toward the middle of the tentacle and be- 
yond, the arrangement of the papille in four longitudinal lines is clearly marked, 
even though the four in each circumtentacular ring do not always stand at pre- 
cisely the same height, and at the same time they become more isolated, with 
increasingly extensive areas of thin clear ectoderm without nuclei between them. 
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Only exceptionally does a nucleus occur in the intermediate zone which has 
not been drawn into the bases of the papille; such a nucleus causes a slight swell- 
ing in the thin intermediate layer. 

According to the state of contraction the nucleated bases of the papille some- 
times project slightly into the underlying hydrocele wall, and sometimes form 
an arch bowed outward from it. 

The number of the nuclei assembled in the base of the papille is not constant. 
In the central portion of the older tentacles it varies between 20 and 30, the number 
of the nuclei, as well as the area of the base of the papille, having increased over 
what it was in the younger stages. The nuclei are almost always arranged in a 
circular or oval disk, and differ somewhat among themselves in size as well as 
in chromatin content. Though most of them are in the resting stage, individual 
nuclei can always be found in course of division. 

From the base of the tentacle there rises a homogeneous glassy cylindrical 
structure which in extreme cases measures 36» in length, though often it is 
considerably shortened, and thicker. The tip is expanded, three or four cornered, 
and from each of the corners there projects a fine hairlike process with sometimes 
an additional one in the middle. The insertions of these hairs stain with especial 
facility, and they appear to possess broadened ends sunken into the end of the 
papilla. The axis is traversed by a fine glistening thread, the outer end of which 
passes over into the deeply colored end of the median hair, the inner end broaden- 
ing out, attaching itself to a nucleus of the papilla base, and merging with the 
plasma of the cell body. In younger stages, when this axial fiber is first formed, 
it appears to grow outward from the base to the tip. 

In the basal section of the 15 tentacles the papille gradually become smaller, 
and finally disappear entirely, the aggregations of nuclei becoming less and less 
clearly defined. 

On the base of the tentacles in the immediate vicinity of the nerve ring the 
ectoderm of the inner and lateral walls is always similar and more or less flat- 
tened. On the contrary, the outer basal wall passes over gradually into the outer 
body wall of the calyx, into the inner basal ectoderm of the five mouth flaps 
containing the orals. The true ectodermal epithelium of the tentacles does not 
extend so far basalward on the outer side as on the inner, for on the former the 
hydroceele of the tentacle at the base is covered by the lateral portion of the 
mouth flaps. Thus it comes about that whenever the tentacle bases are turned 
inward the mouth flaps and the included oral plates necessarily close down. 

Histologically the structure of the ectoderm of the interradial tentacles is 
somewhat anomalous. The conditions are essentially those found in the large 
tentacles when they were approximately of the same length. Papille, smaller 
than those of the larger tentacles and more or less conical in shape, cover the 
surfaces toward the larger tentacles of the same parameres, elsewhere occurring 
only above the fold uniting the two. In the distal portion these papille are 
longer than in the basal, where they finally become reduced to small swellings. 
They are more crowded than on the large tentacles, and the intermediate zones 
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between them are much less extensive. At their bases the nuclei lie at different 
heights. In the more developed an axial fiber can always be clearly seen, though 
the presence of bristles on their outer ends has not been determined. In the 
proximal basal portion, in the region of the fold, a low epithelium passes over 
by an abrupt curve, into that of the inner wall of the mouth flaps. The sides of 
the two tentacles which face each other have the same structure as the connecting 
fold. 


INTESTINAL CANAL, 


Although the intestinal canal is without a special muscular investment its 
component parts are nevertheless able to alter their relationships with each other 
somewhat, and the esophagus especially can change its form to a considerable 
degree. 

This is rendered possible through the musculature of the hydrocele, and is 
thus connected with the contraction of the entire calyx and of the oral disk. 

The mouth opening is usually oval, like the cross section of the esophagus, 
and lies a little excentrically in the interradial area delimited by radii I and V, 
rather closer to the former. Correlatively the esophagus occupies a position which, 
in reference to the major axis of the bilateral larva, is toward the left. In the 
vicinity of the mouth the esophagus is broader than elsewhere, and here its right 
side extends for some distance over the median plane into the originally right 
antimere. 

The esophagus is more or less sacklike in form. Its longer axis is not quite 
parallel to the transverse axis of the animal, but is approximately parallel with 
a line joining the distal ends of radii I and III, or IV and V. It is compressed 
in the direction of radius II. 

Thus it comes about that the wall adjoining the stomach is somewhat concave 
and the outer wall is convex, so that a cross section appears somewhat crescentic, 
this being especially emphasized in the lumen. When contracted the lumen may 
become narrowed to a slitlike canal, but on the other hand it sometimes appears of 
considerable size. 

Sometimes, as a result of changes in the calyx, the aboral end of the esophagus 
becomes more or less closed off from the stomach, while at other times they 
appear broadly connected. 

Histologically the wall of the esophagus resembles the epithelium of the oral 
disk. In the older larve the cells become relatively high, appearing almost wand- 
shaped, and traverse the entire thickness of the wall. This one layered condition 
often can be very clearly recognized in the outer part of the wall toward the 
posterior portion of the gut when it is extended more than usual. Under these 
conditions the nuclei are arranged in a single regular row, in all the cells being at 
the same height. The inner wall toward the stomach is often strongly folded and 
thickened, so that the nuclei come to lie in several layers. Under normal conditions 
of contraction the nuclei are not always at the same height, but lie indifferently 
in the middle or in the outer ends of the cells. On very thin sections or in teased 
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preparations there is no difficulty in determining that the cells extend throughout 
the entire thickness of the wall. 

On the ends bordering the lumen the cells bear fine cilia the broadened ends 
of which, embedded in the cell plasma, cause the cells to appear striped. The 
ciliation is extremely delicate and easily destroyed. It has not been determined 
whether each cell carries one or more than one cilium. 

The union between the esophagus and the stomach sometimes appears suffi- 
ciently broad to permit of demonstration on several sections, and again may be so 
constricted that the two cavities appear entirely unconnected. 

The stomach is in the form of an extensive and thick-walled sack, which 
however, is not sharply differentiated from the hind gut. In the earlier stages 
of this period its lumen is usually almost entirely empty, or is occupied only by 
slight remnants of the disintegrated cell material which previously filled it. 
As this disappears little by little the inner contour of the stomach wall again 
becomes clearly defined. In the later stages the stomach is very often filled with 
partially digested remains of food derived from foreign bodies. 

When the stomach is filled by food masses the sharp inner contour of the 
walls in connection with the process of digestion again disappears, and the inner 
ends of the cells become very irregular as a result of the extrusion of pseudopodia- 
like processes. _ 

In cross sections of the larva the strong convexity of the stomach wall toward 
the originally dorsal side close to which it runs and the contour of which it 
follows is very striking, especially in contrast to the opposite side, which is straight 
and runs approximately in the median transverse plane. 

At the oral end the stomach is considerably extended in a direction at right 
angles to radius V. Aborally it contracts very quickly, appearing there of very 
irregular form. 

The stomach wall is composed throughout of a single layer of cells, which are 
larger than those in the esophagus. Since the cells increase and decrease regu- 
larly in height, the surface bordering the lumen appears in sections waved or 
scalloped, these waves or scallops being much more marked in some individuals 
than in others. 

Approximately in radius I, where, on a cross section of the animal, the dorso- 
lateral wall of the stomach passes abruptly over into the inner wall, a moderately 
deep channel bordered with especially small cells runs from the oral to the 
aboral end. 

The cells of the stomach wall, in spite of the difference in their lengths, are 
all of the same structure, prismatic, carrying the nuclei in their outer ends toward 
the celome. These nuclei are larger than those in the cells of the esophagus, but 
stain somewhat less intensively in hematoxylin. When the stomach is empty the 
ciliated inner ends of the cells are clearly seen, each cell apparently bearing a 
single cilium with a deeply colored root sunken into the outer end. Under the 
plasmatic bordering layer is a narrow clear zone in which the plasma appears 
frothy and includes clear rounded vacuoles which are possibly filled with digestive 
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fluid secreted from the cells themselves. Very often this clear zone is of consider- 
able width. 

When the stomach is filled with food the inner ends of the cells lose their 
distinct borders, and the cell plasma appears to merge into the included mass. 

The hind gut, representing the hind gut on the originally right side of the 
stomach, arises gradually from the posterior end of the latter, so that no sharp 
dividing line between te two can be drawn. Such a dividing line would he in 
the interradius bounded by radii III and IV. 

The hind gut tapers quickly to a tube, which, as in younger stages, runs in 
the horizontal mesentery close to the body wall, passes through the interradius 
IV-V in a broad curve, andy extending somewhat beyond the original median 
line, opens to the exterior through the anus, which is situated more or less near 
radius V, though always in the interradial space V—I. Seen from the oral side 
of the larva the turning of the gut is clockwise. 

The wall of the hind gut is composed of a single layer of cells. In the proxi- 
mal part the cells resemble those of the stomach wall. Farther posteriorly they 
usually become lower, and the differentiation of the inner ends described for the 
cells of the stomach wall can no longer be made out. Thus in the younger stages 
the walls here may be closely pressed against each other, so that the lumen entirely 
disappears. Usually no cell borders can be distinguished, though the nuclei le 
fairly regularly distributed near the outer walls. In a few cases, however, cross 
sections through the end gut show clearly high prismatic cells, the nuclei of which 
lie in the outer ends, while from the inner ends pseudopodialike processes radiate 
which form with those of the adjacent cells a reticular structure. In the cases 
where no cell borders can be demonstrated similar pseudopodialike structures are 
found, but here the network appears to be more coarsely developed, often filling 
the entire lumen. It is possible that this is the effect of preservation, and that in 
the living object the cells are ciliated, like those of the stomach. 

According to Perrier the anus is bordered with large cilia—an observation 
partially confirmed by Seeliger. 

The distalmost end of the gut is of exclusively entodermal origin. The ecto- 
dermal invagination observed in numerous cases in the formation of the anus, 
by which an ectodermal rectum is formed, appears to be of later origin, occurring 
after the anus has moved from its lateral position on the side of the calyx to the 


definitive position. 
CQ@LOME AND ITS DERIVATIVES. 


At the end of the last developmental period the two celome pockets had 
already reached their definitive position, and their further alterations are relatively 
unimportant. 

These alterations consist in a progressive advance in the dissolution of the 
mesentery, so that the originally separate sections become more and more broadly 
united, and finally can no longer be clearly differentiated. 

The wall of the oral ccelome is now composed of an extremely delicate pave- 
ment epithelium which can everywhere be clearly demonstrated as such, though 


492 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


in many cases it has become intimately united with the aboral wall of the hydro- 
cele ring and with the body wall. 

Since the ventral ends of the celome pockets are still considerably separated 
from each other, a typical mesentery is not found in the early fixed stages. But 
when as a result of the dissolution of the horizontal mesentery the right end has 
broken through, this increases very rapidly and comes into contact with the left 
blind end of the oral celome. The wall of the latter and that of the united oral 
and aboral ceelome lie closely together and form the vertical mesentery of the oral 
ccelome in which the stone canal runs. This mesentery runs from the margin of 
the esophagus directed approximately toward radius I into the interradial space 
T_V, but always reaches the body wall near radius I. 

The inner wall of the aboral ccelome enveloping the gut and the axial organ 
can always be clearly recognized as a distinct pavement epithelium, but the outer 
wall (the parietal layer) in various places merges so intimately with the body 
wall that over much of its extent it is no longer demonstrable as an independent 
layer. 

The vertical mesentery is no longer preserved as an entity. First it atrophies 
in its central portion, and then begins to disintegrate into individual disconnected 
cords which traverse the body cavity longitudinally and more or less diagonally. 

Meanwhile the dissolution of the horizontal mesentery has made progress. 
In longitudinal sections it appears as a thin lamella, including nuclei in which 
the two layers from the union of which it has arisen are no longer everywhere 
demonstrable. The entire central part, extending between the esophagus, stomach, 
and gut, has disintegrated into trabecule. 

In addition to these trabecule, arising from the remains of the mesentery, 
many others form independently from the cceelome wall. This process first began 
in the preceding stage, but now the trabecule appear in much greater numbers 
and reach a greater length. Often an entire trabecula is composed simply of a 
single metamorphosed cell, though commonly several take part in its formation. 

With the advancement of the dissolution of the mesentery the whole celome 
takes on more and more the character of a single cavity, which is lined with an 
inner layer (the visceral layer) inclosing the internal organs and an outer layer 
(the parietal layer), which here and there is fused with the body wall. 

By the remnants of the vertical mesentery of the lower ceelome and the 
lamelle of the horizontal mesentery the body cavity is now separated into entirely 
distinct chambers, which are traversed by trabecule in part derived from the 
mesentery and in part of independent origin. 


CHAMBERED ORGAN. 


As in the preceding stage the chambered organ is composed of five ampullalike 
swellings and five processes from these extending into the stem. 

The former are encompassed by a wall composed of a pavement epithelium 
made up of a single layer of cells; but the thickness of the wall, as well as the 
form of the swellings.and the size of the lumina, is more or less variable. These 
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rudiments of the chambered organ lie close down upon the ccelomic wall, though 
there seems never to be a connection between the two cavities. Often the five cham- 
bers do not lie in the same transverse plane, but it is not difficult to find individuals 
in which this is the case. 

Since in this region a section through the calyx now shows the pentamerous 
structure strongly marked, it is easy to see that the chambers are radial in position, 
a fact not previously clearly brought out. 

Regarding the question in what way the original evaginations which appeared 
in the free-swimming larva have moved into radial positions, it is evident in 
sections cut farther orally that the vertical mesentery is in interradius IV-V, 
and correspondingly the chamber lying in radius V can be traced back to that 
evagination which originally appeared on the left side ventrally and was designated 
as evagination 1. From this it is easy to see that the original evaginations 2, 3, 
4, and 5 are now the chambers lying in radii I, IJ, ITI, and IV. 

The extensions of the chambered organ traverse the stem as cords of cells in 
which the cross section shows no lumen, and indeed the individuality of the cords 
themselves is lost a short distance from the calyx. 

In longitudinal view the component cells are seen to be elongate and spindle- 
shaped, with distinct nuclei, joined together end to end. The ends of adjacent 
cells are so intimately united that the cell borders are not recognizable, and the 
impression given is that of a continuous plasmatic cord bearing more or less 
regularly spaced nuclei. A similar developmental stage can be commonly observed 
in the formation of the muscle fiber lines, but whether the further developmental 
course of the two is the same is uncertain. 


AXIAL ORGAN. 


Soon after the opening of the vestibule the axial organ becomes detached from 
the whole oral part of the fold of the visceral layer through the thickening of 
which it has arisen, and appears as an isolated cord of cells. 

This cord very quickly becomes hollowed out into a tube of which the lumen 
at first is always narrower than the thickness of the walls. The latter consist of 
a single-layered epithelium, though cell borders can not always be differentiated in 
the thick mass of plasma. The structure appears to be in course of active growth, 
for the nuclei are commonly seen in process of division. The resting nuclei are 
larger than those of the eeelomic wall. 

The fold of the visceral layer enveloping the axial organ is composed of a 
more or less strongly flattened epithelium, which in the middle section always lies 
closely on the tube. In the oldest larve of this period the axial organ on the side 
toward the gut is accompanied by a number of longitudinal muscle fibers which 
are formed from the fold of the visceral layer on the side toward the axial organ. 
These fibers 2lso are found in the esophageal section of the fold, and in a short 
section lying on the gut. 

Toward the oral side the axial organ has become extended as far as the oral 
disk and into the vicinity of the oral coelome, where it approaches the border of 
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the esophagus facing the posterior end of the gut. As in the central section it is 
here also enveloped by a fold of the celome wall, which in the outermost part, 
however, is less closely connected with it, so that the axial organ is immediately 
surrounded by a small space, which can be traced back to the primitive body 
cavity, and has no connection with the true celome. On the oral side this cavity 
ends under the ectodermal oral disk, to the inner wall of which the fold of the 
celomic wall enveloping the axial organ is attached, after broadening out like a 
funnel. Aborally it disappears, since the axial organ entirely fills the cavity. 

Toward the aboral end the axial organ, as already described, passes into the 
vertical mesentery of the aboral ccelome, traverses the central space which is 
inclosed by the chambered organ, and finally loses itself between the cordlike 
processes of the latter. How far it extends into the stem has not been determined. 

Sometimes in the oldest larvee of this period the aboral part of the axial organ 
almost from the entrance into the chambered organ appears merely as a cell 
cord without a central lumen. 

In its short course in the vertical mesentery it possesses in some cases a 
special sheath which appears as a fine pavement epithelium. 

In the portion of the axial organ lying at the outermost end of the ccelome 
the conditions are as they were in the oral portion at its first appearance. 


HYDROCG@LBE, 


In this stage the hydrocele ring usually becomes entirely closed by the 
growing together of the two blind ends in the interradius I-V. The septum com- 
posed of a double thickness of pavement epithelium representing the apposition 
of the two blind ends ruptures in various places and finally disintegrates into a 
number of trabecule. But among larve of five weeks individuals may still be 
found in which the two layered septum still persists. 

The lumen is rather extensive. Its shape in cross section varies according 
to the state of contraction, but apparently it is usually broader in the direction 
parallel to the major axis than in the transverse plane. 

The wall is everywhere composed of a single layer of high cells, which become 
larger in a zone running under the nerve ring. Along this zone ring fibrillee 
appear which surround the whole hydrocele ring and form a sort of sphincter. 
They lie on the outer side of the hydroceele wall and in cross sections are evident 
as strongly refractive elongate or peg-shaped bodies. In longitudinal view the 
fibrill~ are seen to be cross-striped, and the nuclei appear in general to be 
arranged in longitudinal rows. 

In some of the oldest larve the ring fibrille occur not only on the region 
lying on the nerve ring, but also on the entire inner wall and on a part of the 
aboral wall, where, however, they are very delicate and not entirely regular, not 
accompanying the entire canal in an unbroken layer, but forming a more or less 
complete investment of longer or shorter ring fibers. 

These muscular fibrille arise from the hydroccele wall, and not from mesen- 
chyme cells. 
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The trabecule traversing the ring canal and connecting the inner and outer 
walls have increased considerably in numbers. In each a nucleus is found, usually 
in the middle; frequently two or more occur in a single trabecula. In the younger 
stages these have no special fibrillar structure, and in cross section are rounded 
or quadrilateral, somewhat flattened, or bandlike. The last is the most common 
in the older stages, in which the broad side is usually, but not always, parallel 
to the oral wall. 

When the trabecule contract they become more cylindrical. On the border the 
cross section shows a prominent stripe which on strong magnification resolves 
itself into a number of fibrille running closely side by side. These fibrille are 
usually from two to four in number, often only one, in a few cases five. They 
appear usually entirely structureless, but sometimes finely granulated; cross 
striping has not been proved. At the end of the trabecule the fibrille appear 
to be somewhat thicker than in the middle. They enter the hydrocele wall and 
end with it. 

In the larvee in which the septum in the hydroceele ring still persists the origin 
of the stone canal from the blind end lying to the right in interradius V—I can 
be very clearly made out. It forms a V-shaped loop, of which the two arms 
are bent in a different way, so that the whole canal can never be seen at one time 
on a thin section. It runs in the vertical mesentery of the oral cceelome and opens 
on its border against the horizontal mesentery in the parietal canal. This branch 
often runs quite horizontally and is directed outwardly and toward radius I, 
while the part joining the hydrocele ring runs more vertically. 

In its structure the primary stone canal of the larva entirely resembles the 
numerous canals of the adults. It is a thick-walled tube, of which the diameter 
of the lumen in the older larvee somewhat exceeds the thickness of the walls, and 
is composed of a single layer of moderately high prismatic or truncated pyramid 
cells, the nuclei of which are large and stain strongly. In the terminal section 
the cells in the wall toward the parietal canal are somewhat lower, often cubical. 
From the mesenchyme tissue the canal is sharply differentiated. In the lumen 
a striped border zone can often be demonstrated, suggesting ciliation. 

From the preceding description it is evident that the stone canal is formed 
rather late as an independent evagination of the hydrocele ring which leads 
into the parietal canal and at no time opens freely to the exterior. 

The hydrocele cavities of the tentacles consist of single-layered sacks, with 
broad lumina, which taper toward the distal end, lying directly beneath the 
ectoderm. In the 15 large tentacles the separation of the individual sacks has 
advanced to the hydrocele ring, so that each of these tentacles now arises from 
that ring quite independently of the other two. 

In the hydrocele of the tentacles there are now no muscular trabecule, 
though these were present in the original evagination. The walls are composed 
of a flat epithelium in which the nuclei, lying on the inner side, are somewhat 
larger but less easily stained than those of the ectoderm cells. At the distal end 
the cells are somewhat thicker and richer in plasma, and further extension of 
the sack, correlated with the lengthening of the tentacle, appears to take place here. 
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On the outer side the epithelium has everywhere given rise to parallel longi- 
tudinal fibrille, which in cross section appear as strongly refractive bodies, and 
viewed longitudinally appear cross-striped. Toward the root the fibrille extend 
to the hydrocele ring. On the inner side the fibrille are here considerably 
coarser than on the outer, and their distalmost ends stretch over a part of the 
ring musculature of the hydrocele ring, running between it and the ectoderm. 
On the thinner outer wall the fibrille become finer basally, and some (but not all) 
of them continue as extremely fine fibers, to the oral part of the outer wall of the 
ring canal. Seeliger was unable to recognize cross striping in the ends of these 
fibrillee. 

The structure of the hydrocele cavity of the small interradial tentacles is 
essentially the same. At their bases, however, the outer muscular fibrille are 
especially well developed, and can be followed somewhat farther aborally than 
those of the inner side. The hydroccele of these tentacles is connected with the 
hydrocele ring by a common base, over which only the outer fibrille pass. 

There are no ring fibrille in the tentacles. 


PARIETAL CANAL, 


During this period the parietal canal undergoes no important changes; but 
the contrast in the histological structure of the two sections becomes more and 
more emphasized. 

The terminal section is tubular, and is composed of a cubical or fairly high 
prismatic epithelium, which is probably ciliated. As in earlier stages it runs 
transversely, and its inner end is depressed more or less steeply toward the aboral 
and originally right side, reaching about to the vertical mesentery of the right — 
ccelome, where it passes over, the walls gradually becoming thinner, into the 
parietal cavity. The outermost portion of the terminal section turns outwardly 
at a sharp angle to open as a pore near radius I, and always in the interradius 
V-I, where the anus also lies. 

The pore varies in form and width and appears to be able to expand and 
to contract. Since special muscles are absent, the changes in the shape of the 
pore must be connected with the changes in the entire calyx. 

The end of the canal immediately adjacent to the pore is ciliated, and in 
some places longitudinal striping can be recognized in the ends of the large 
cells. If any ectoderm cells at all are involved in its formation they can only 
be very few in number and at most can only form the outer border. 

The inner section of the parietal canal, the parietal cavity, shows consider- 
able differences in regard to its form as well as in regard to the histological 
structure of its walls. Generally speaking, it stretches in a peglike blind extension 
more or less far toward the aboral pole, lying closely upon the parietal layer of 
the aboral ceelome. Into the broader portion the stone canal opens. 

Sometimes in old larvae the wall can be demonstrated as a distinct pavement 
epithelium, especially in the aboral end piece; again it becomes fused with the 
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tissue of the body wall surrounding the parietal canal, so that it loses its indi- 
viduality. The latter seems to be its ultimate fate in all the larve. 

In young larve the inner wall of the parietal cavity is always separated 
from the celomic epithelium by mesenchyme. Little by little this is withdrawn, 
and both walls gradually grow together into a single lamella. 

This lamella separating the coelomic cavity and the parietal canal at first is 
composed of two pavement epithelia, which can be differentiated in many larve, 
though in others there is only a thin partition with embedded nuclei to be seen, 
which finally breaks down, so that the parietal cavity becomes merely a diver- 
ticulum of the ccelomic cavity. The intereommunication of these cavities appears 
to become established in different larvee at widely different ages. 

The number of stone canals and pore openings through the calyx increases 
considerably in the subsequent development. At the time of the separation from 
the larval column five stone canals are present which open outwardly through 
five pores as in the adult of the species of Rhizocrinus. Later the stone canals, 
as well as the calyx pores, increase in number, without further correlation. As 
Ludwig states that there are at least 30 stone canals in each interradius (in 
Antedon mediterranea), while the number of calyx pores is approximately 1,500, 
it necessarily follows that the later efferent vessels from the hydrocele can not 
be formed in the same way as the first. 

As the result of muscular action the larve assume very different forms, and 
apparently the volume of the body changes also. This is probably the result 
of changes in the volume of the water in the intestinal canal, which is open to 
the exterior through the mouth, though partly due to the variation in the water 
content of the parietal cavity, which opens to the exterior through the pore. 


MESENCHYME. 


Sacculi.—After the rupture of the vestibule the first five sacculi enlarge 
rapidly, becoming spherical or egg-shaped bodies, causing humplike swellings 
in the cuticle, from which they are no longer separated by intermediate cells. 

Correlatively with the increase in size the structure of the sacculus changes. 
An epithelial cortical layer separates itself from the inner mass and rapidly 
becomes flattened, forming a membranelike pavement epithelium in which flat- 
tened nuclei can be clearly made. out inclosing the inner mass like a capsule. 
There is no fusion between this and the surrounding mesenchyme. Often the 
inner side of the capsule is composed of cells richer in plasma than elsewhere; 
such a condition probably represents an intermediate developmental stage in 
which the flattening has not yet been entirely completed. 

The cells which fill the capsule, originally showing the nucleus and cell 
body clearly differentiated, after increasing by division become rapidly altered. 
The form becomes rounded, and they unite in numerous groups, each of which 
is composed of a number of individual elements, from two, three, or four to a 
dozen or more. The size and form of each group varies with the number of 
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included elements. The smaller are usually egg shaped, the larger like bunches 
of grapes. In the same sacculus the most diverse types are seen side by side. 

In the living object the individual elements of each little group are colorless 
homogeneous, and strongly refractive. They stain readily and uniformly and 
ordinarily show neither nuclei nor chromatin grains. But under special treat- 
ment most of the elements can be recognized as true cells. 

Roughly in the center the nucleus, including a few chromatin grains, can 
be differentiated. It is large and vesicular, surrounded by the scant protoplasmic 
mass of the cell body, which, when the elements are closely crowded, are convex 
only on the free side, the other sides being flattened against each other and poly- 
hedral. Very commonly, however, a definite nucleus can not be made out, and 
there are only to be seen chromatin grains apparently lying freely in the cyto- 
plasm. The amount of chromatin is variable in the different elements; some- 
times there is a considerable quantity, and again so little that its demonstration 
is difficult. 

In a somewhat more advanced stage the cell clusters have become elongated 
and the constituent cells spherical. Between the larger clusters lie a few smaller 
irregular groups. There appears to be no definite arrangement of the large 
groups, although the majority lie with the curved base on the cortical pavement 
epithelium and the point centrally. Seeliger in a few cases saw clearly the fili- 
form hyaline process at the pointed end of the cell clusters, though it was shorter 
than in the adults and never reached the wall of the sacculus. No enveloping 
membrane was discerned. 

By the isolation of the individual elements of a cluster it is made plain 
that in spite of the absence of an inclosing membrane these cling rather closely 
together. They are not all the same in structure. Relatively few can be shown 
to be complete cells with a cell body and a small nucleus containing a few chro- 
matin granules. Most of the nuclei contain no chromatin. Within some of the 
cells is a clear vesicular body, usually placed excentrically, which is perhaps the 
remains of the nucleus, or perhaps the beginnings of a vacuole. This last type 
may represent the ultimate development. 

In the oldest larve of this period five new sacculi are formed between the 
original five and the oral surface. They do not develop at the same rate, with 
the result that a single larva shows several different developmental stages in the 
different radii. The separation of the original cluster of mesenchyme cells into 
a peripheral and a central part in these sacculi occurs much earlier than in the 
first five. : 

Connective tissue—As in the period preceding the mesenchyme cells form in 
connection with the elements of the outer layers in the body wall a uniform 
tissue, in which only the most superficial cells, mostly spindle-shaped and stand- 
ing more or less at right’ angles to the surface, can with certainty be traced back 
to the ectoderm, while the deeper cells, bordering directly upon the hydroccele 
or the parietal layer of the ceelome, undoubtedly originated from the mesenchyme. 
In the intermediate layer no separation of the cells according to their origin is 
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possible. All the cells are connected by protoplasmic processes and, as in younger 
stages, lie in a homogeneous intercellular mass. 

In the middle and deeper layers of the body wall the cell forms are ex- 
traordinarily diverse. They may be strongly rounded, star shaped, branched, 
or spindle shaped, with pointed or gabled ends, each type being indiscriminately 
distributed. Some, scattered and running in various directions, give the impres- 
sion of muscle fibers, but whether they are in reality contractile elements has not 
been definitely determined. The musculature of the hydroccele suffices to explain 
the movements in the larval calyx. 

In the column the mesenchyme shows approximately the same structure as 
in the stage preceding. With the extraordinary elongation of the columnals the 
importance of the connective tissue has diminished. 

Between each two columnals a layer of closely packed mesenchyme cells, 
spindle shaped, with the strongly stained nuclei in the thickened central portion, 
is found. Whether or not these cells are attached to the ends of the calcareous 
segments has not been determined. 

The other mesenchyme cells of the column lie within the fascicles as a mass 
of weak and pliant connective tissue, and are concerned with the formation of 
the calcareous portion of the columnals. If any of the cells function purely as 
connective tissue it is not evident from their structure, since all of the mesen- 
chyme cells appear essentially the same. For the most part the cell bodies are 
elongated in the direction of the major axis and are united through their branched 
ends. The nuclei are sharply delimited. Within the calcareous substance cell 
borders are very difficult to recognize, so that the nuclei appear to lie in a plasmatic 
reticulum. 

The axial canal, passing through the central portion of all the columnals, is 
now entirely occupied by the process from the axial organ, and the five processes 
from the chambered organ surrounding it. The cord formed of these six struc- 
tures is covered by mesenchyme cells only in the region of the articulations. 

Dorsal nervous system—At the junction between the calyx and the column, 
about the chambered organ there is a considerable aggregation of mesenchyme 
cells which does not take part in the formation of the calyx plates. They resemble 
the usual connective tissue cells and are mostly rounded, with numerous star- 
shaped, and some spindle-shaped. These cells eventually form the dorsal (meso- 
dermal) neryous system the central organ of which surrounds the chambered organ. 


ANTEDON MEDITERRANEA,. 
Figs. 1182-1185, pl. 28, 1190, pl. 29, and 1194, pl. 30. 


Very detailed studies have been made on the embryology and development of 
this species by Bury at Naples, and by Barrois at Villafranca, his material 
coming from Villafranca and especially from Toulon. 

Both investigators found that all the embryos, not merely on the same mother 
but on all the individuals from the same locality, brought in on the same day 
are in the same developmental stage. 
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In the 32-cell stage Barrois found the embryo to consist of eight larger cells 
about the vegetative pole and 24 smaller cells, as Seeliger describes it in A. adriatica. 
Bury makes no mention of a difference in the size of the cells. 

Bury notes that the first cleavage furrow makes its appearance soon after 
midday, probably at least three hours after fertilization. Subsequent divisions 
occur at intervals of about an hour. 

The formation of the blastosphere is not completed until fuliy 12 hours after 
the first cleavage. 

Gastrulation begins about 20 hours after fertilization (17 hours after the 
appearance of the first cleavage furrow); the blastopore attains its greatest 
dimensions about the middle of the second day, and closes completely about 40 
hours after fertilization. 

Apparently no cilia are developed until after the closure of the blastopore. 
Early on the third day the embryo is covered with a uniform coating of cilia. 

By the fourth day the embryo has nearly lost its pink color and has become 
white or faintly yellow. It has also become somewhat more elongated and, 
though still ciliated all over, the body surface has begun to show distinct ciliated 
bands. 

By the fifth day the embryo has acquired almost all the external features of 
the completely developed free-swimming larva. The general color is usually 
yellowish brown, but this color is confined to the nonciliated portions, so that the 
ciliated bands and the two ventral depressions (also ciliated), which are white, 
are very clearly defined, their degree of distinctness varying with the amount 
of pigment developed elsewhere. The greatly elongated cilia of the anterior tuft 
also spring from a nonpigmented area. 

Besides the yellowish brown cells the nonciliated areas also contain a number 
of the “yellow cells.” By reflected light, if much pigment is developed elsewhere, 
these cells are very inconspicuous; but when teased out and viewed by transmitted 
light they appear bright green, while the other ectoderm cells, in which but little 
pigment is present, appear colorless. 

Bury found that in almost all cases the ciliated tuft is directed forward; 
indeed, out of hundreds of larva examined he never saw one swim in the opposite 
direction, except when it encountered an obstacle, in which case it would reverse 
its motion for a short distance always, however, resuming before long its original 
course. The fact that when at rest the cilia all curve toward the anterior end is 
probably connected with this mode of swimming. 

The first rudiments of the skeleton make their appearance early on the 
sixth day. Bury could discover no indication that the terminal stem plate, basals, 
and orals are developed in any particular order, though he considers it probable 
that all of them are developed before the columnals. 

Early on the seventh day the infrabasals make their appearance at the 
posterior end of the series of columnals. They are three (rarely four or five) in 
number, and in form resemble small basals, though they are developed at a much 
deeper level than these plates, and are usually nearer the posterior end of the 
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body than the two ventral basals. These three infrabasals are at first equal in 
size, but after a while two of them begin to grow more rapidly than the third, 
eventually attaining to about double its size. 

At a later stage the inner border of each becomes smooth and concave, and 
they then range themselves in a circle around the chambered organ, just above 
the topmost columnal. The arrangement of the plates is still the same as in the 
earlier stage. Somewhat later they fuse with one another and with the topmost 
columnal so as to form one large plate. Though the sutures of the infrabasals 
still persist, the plates themselves have grown out into five angles which are 
radial in position, fitting in between the bases of the basal lates: While the 
dorsal infrabasal produces only one angle, each of the other two grows out into 
two angles, this fact strongly suggesting that each of these laste infrabasals 
represent a pair of coalesced plates, and that the primitive arrangement would 
be the possession of five radial infrabasals. At a slightly later stage the sutures 
disappear, though the groove separating the infrabasal series from the topmost 
columnal persists for some time. 

Thus in reality the topmost columnal only forms the lower half of the centro- 
dorsal, the upper half being formed by the infrabasals. 

Busy records that the larve showed a singular want of discrimination in their 
choice of positions for fixation; besides numbers which perished from attaching 
themselves to objects too small to support them, some attached themselves to the 
pinnules of the parent, where they never managed to adhere very long, and others 
to their own cast-off vitelline membranes, which were soon eaten up by bacteria 
and infusoria. 

The ease with which the vitelline membrane can be broken is subject to 
considerable variation. Some whole broods are set free with ease on the fourth 
day; but in most broods the majority are not set free until the seventh day, and 
a considerable number are unable to free themselves even on the ninth or tenth 
days, long after the majority of the larvee have become fixed. Such prisoners, 
when at length liberated, are seldom able to fix themselves, and if they do they 
usually exhibit considerable abnormalities of form und either grow into monstrous 
shapes or remain perfectly spherical. Some of the last Bury liberated as late as 
the eleventh day, and though they had lost the two ventral depressions, they 
still retained some of their cilia in active motion. 

Bury writes that the reason of so much variation in the consistency of the 
vitelline membrane, leading so often to considerable loss of life, is not easy to see, 
but it may possibly be connected with the varying conditions to which these animals 
are exposed. Thus if the membrane were always of the same strength a sudden 
storm might set all the larve free at too early a stage of development, and so 
deprive them of the protection afforded by the pinnules of the parent, while if the 
membrane were strong enough to resist a storm, a continued calm might leave a 
greater number unable ever to free themselves than at present occurs. 

The first changes which occur after fixation are principally histological, and 
it is not for some hours that the general internal anatomy alters much. The 
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ectoderm soon loses its distinctness from the mesoderm, the ciliated bands degen- 
erate, and histolysis, setting inward from the ectoderm, rapidly spreads to all the 
tissues, and results in the obliteration of almost all the previously existing histo- 
logical differentiation. The details of this histolysis are extremely difficult to 
follow, and both in its mode and degree of action and in the relative times at 
which it affects different organs it appears to vary considerably. 

Bury notes that the number of columnals in the free-swimming larva is 
variable, but by the time the larva fixes itself from 13 to 15 are usually present, 
and this number is maintained throughout the pentacrinoid stage. 

Prof. A. Russo, taking exception to Seeliger’s interpretation of the conditions 
in Antedon adriatica, states that the parietal sac is from the beginning in com- 
munication with the stone canal, and that at first, as in all the echinoderms, it alone 
communicates with the exterior, opening on the back of the larva near the fourth 
ciliated band. In the course of development this primitive opening is obliterated, 
so that in the fixed larva a few days old the madreporic system is composed of an 
internal sand canal which carries at its extremity, turned inwardly, a vesicle 
which is the parietal sack. Communication between this system and the exterior 
is reéstablished later, when the column has become elongated and the oral valves 
have formed. It comes about through a secondary and independent formation 
from the true water vascular system—that is, by means of a canal of ectodermic 
origin which ultimately opens into the parietal sack. 

Russo noticed that below the point which corresponds to the opening of the 
secondary ectodermal canal leading into the parietal sack a primitive gonad is 
formed, which after a short time atrophies. 


ANTEDON BIFIDA, 


Figs. 1176-1181, pl. 28, 1186-1189, pl. 29, 1191-1198, pl. 30, 1195, pl. 31, 1201-1208, pl. 32, 
1204-1206, pl. 33. 


Our knowledge of the embryology of Antedon bifida is based upon the work 
of Busch (1849, 1851), Sir C. Wyville Thomson (1865), and Prof. W. B. Car- 
penter (1866), all of which was done before the inception of modern methods of 
technique. The results of their studies, therefore, are not strictly comparable with 
the elaborately detailed investigations of Seeliger, who was able to avail himself 
of all the latest refinements. But certain important features stand out which are 
not dependent upon differences in methods. 

According to Sir Wyville Thomson the eggs of this species when fully grown 
measure about 0.5 mm. in diameter. 

The formation of the polar bodies may be very easily followed. A very distinct 
globule about half the diameter of the germinal vescicle, with an obscure nucleus, 
passes out of the egg. In all cases in which Thomson observed it, it was accom- 
panied by two or three minute rounded granular masses. During the earlier 
stages of segmentation the polar bodies remain perfectly distinct, but toward the 
beginning of gastrulation it becomes difficult to differentiate them from the cells 
of the embryo. 
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Thomson says that the free-swimming larve are from 1.5 mm. to 2 mm. in 
length. The larve found by Busch in the Orkneys were somewhat smaller than 
those of Antedon adriatica. 

Thomson notes that the cilia do not vibrate with the regular rhythmical 
lashing of ordinary cilia, but seem to move more independently, their motion 
regulating the rapidity and direction of the movements of the animal in the water. 
The anterior tuft of long cilia is in perpetual vibratile motion. 

The larva swims with either extremity in advance indifferently. It swims 
rapidly with a peculiar swinging semirotary motion. 

When resting the ventral surface is downward. 

The spicules forming the rudiments of the calcareous plates are at first blunt, 
irregular cylinders, but shortly they fork at either end and, finally, by repeatedly 
dichotomizing and anastomosing, they form delicate plates of calcareous network. 

W. B. Carpenter observed that the nature of the objects to which the larve 
attach themselves varies with the locality. In Lamlash Bay, Arran, he never 
found them on anything but the fronds of Laminaria, to which the adults 
habitually cling, or on bryozoans or Spirorbis growing on these. But at Ilfracombe, 
where Laminaria is much less abundant, but where on the contrary Salicornaria 
grows in great luxuriance in the habitat of Antedon, the pentacrinoid larve 
are found living on it. In the Bay of Cork Mr. J. V. Thompson found the 
larve attached to the various species of Sertularia and Flustracea which occur in 
the deeper parts of the Cove, in from eight to ten fathoms. Mr. Wiliam Thompson 
(of Belfast) found them attached to Delesseria sanguinea. Usually the larve 
are widely distributed over the surface of the object to which they are attached, 
but sometimes a group of several, showing different stages in development, may 
be met with. Doctor Carpenter had one specimen showing more than 70 penta- 
crinoids, all nearly in the same stage of development, attached to the surface of a 
patch of Membranipora which was encrusting a frond of Laminaria; and another, 
given him by Sir Wyville Thomson, in which 35 pentacrinoids in the “prebrachial 
stage” are so closely crowded that the discoidal bases of their columns have come 
into mutual contact and have acquired a polygonal form. These latter were bred 
in an aquarium. Similar clusters were found by Thomson attached to the inner 
surface of a dead valve of Modiola modiolus. 

In pentacrinoid larve somewhat older than the oldest examined by Seeliger 
Doctor Carpenter found beginning immediately within the mouth a series of 
irregularly lobed glandular masses, pale yellowish brown in color, projecting 
into the cavity of the stomach and curving in an irregular spiral down to the 
bottom of the cup. These glandular folds are richly clothed with long vibratile 
cilia. The merest film of sarcode separates their secretion from the stomach 
cavity. The slightest touch, even of a hair, ruptures them and causes the effusion 
of a multitude of minute granules. some colorless and transparent and others of 
a yellow or brownish hue. Carpenter believes that from their position and color 
there can be little doubt that these lobes form a rudimentary lever. They appear 
very early in the pentacrinoid, coloring the lower portions of its body in the 
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earlier stages of its growth within the free-swimming larva. They. increase 
constantly in volume during its later ‘stages, and with but little change of 
character make up a large portion of the visceral mass in the adult. 

In the pentacrinoid toward the end of the “prebrachial. stage” the rapid 
enlargement of the body causes five diamond-shaped spaces to appear at the 
points where the upturned angles of two oral plates adjoin the truncated upper 
angles of two adjacent basals. In these spaces cylindrical spicules appear which 
soon become club shaped, dichotomize, branch, and anastomose into delicate net- 
like superficial plates, irregularly oval in shape, slightly produced superiorly, 
their upper narrower portions resting beneath and supporting the gradually 
extending sarcode projections which are terminated by the azygous tentacles. 
The equatorial portion of the body, the band between the upper edges of the basals 
and the lower edges of the orals, now rapidly expands. The five young arms 
extend outward, their bases carrying out with them a zone of sarcode which gives 
the central portion of the body a great additional width. The oral plates maintain 
their original position, so that they are now completely separated from the basals 
by this intervening equatorial band, and are left, a circlet of five separate plates 
each inclosed in its sarcode lobe, on the center of the upper surface surrounding 
the mouth and inclosing the 10 interradial (“nonextensile”) tentacles only 
The radial plates begin to thicken, especially toward the upper margin, and this 
thickening is produced by the growth beneath the cribriform superficial caleareous 
film of a longitudinal mass of tissue of the same character as that which forms 
the cylindrical axis of the columnals. On the lower surface of each arm, in 
linear series immediately above the radials, two spicules, horseshoe shaped with the 
opening above, appear almost simultaneously and become quickly filled up with 
elongating sheaves of longitudinal trellis work. These extend along beneath the 
extending arms, and indicate the [Br, and the IBr, (axillaries). 

The upper surface of the arms now becomes grooved by the development 
on either side of the central vessel of a series of delicate crescentic leaves. ‘These 
leaves are hollow, communicating by special apertures with the radial vessel 
and filled with fluid from it. At the base of each of the leaves there is a pair of 
tentacles forming a group with the leaf, and along with it communicating with 
the vessel. One of these tentacles (the distal) is somewhat larger than the other. 
They are both slightly club shaped. the club-shaped extremity fringed on either 
side with conical papille. They are nonextensile, and resemble in every way 
the 10 nonextensile (interradial) tentacles early developed from the oral ring. 
A group consisting of a crescentic leaf and two nonextensile tentacles lies imme- 
diately at the base of each extensile tentacle, and a little lower down the arm. 
Minute spicules, some of them simple or key shaped and others expanding into a 
cribriform film, appear in the superficial sarcode layer along the back or edges 
of the arms; and usually at the base of each of the tentacles, irregularly embedded 
in the sarcode substance, there is a sacculus. 

A little later the end of the arm shows a tendency to bifurcate, and two half 
rings, with their inclosed sheaves of calcified tissue, give the first indication of 
the first two brachials. 


MONOGRAPH OF THE EXISTING CRINOIDS. 505 


At this stage the arm is free from the base of the IBr,; later the visceral 
sack extends to the bifurcation, and the whole of the IBr series becomes included 
in the cup and disk. 

The azygous (median unpaired) tentacles go no farther than the bifurcation. 
They remain for some time in the center between the two divisions of the arm, 
while secondary branches from the radial canal run on in the brachial grooves. 

About the period of the development of the IBr, a forked spicule makes its 
appearance in one of the interradial spaces between the upper portions of two of 
the radials. This gradually extends in the usual way until it becomes developed 
into a superficial rounded cribriform plate. 

Simultaneously with the appearance of this radianal plate a cecal process, 
like the finger of a glove, rises from one side of the stomach toward the plate. 
The plate increases in size, becomes inclosed in a little flattened tubercle of sarcode 
and, maintaining its upright position, passes slightly outward, leaving a space on 
the edge of the disk between itself and the base of the oral plate immediately 
within it. Toward this space the cecal intestinal process directs itself. It rises 
up through it in the form of an elongated tubular closed papilla. The summit 
of the papilla is finally absorbed, and a patent anal opening is formed. 

The azygous tentacles remain persistent for some time in the angles between 
the two first brachial segments, and finally become absorbed and disappear. 

Regarding the later development of the arms W. B. Carpenter says that at 
the beginning of the free stage the first primibrachs begin to show a modification 
of their originally nearly cylindrical form, being somewhat widened out at their 
lower end, so as to form two articular surfaces which are not, however, directly 
opposite those of the radials, but slope away from them, so that, while in close 
proximity with them on the dorsal face, where they are connected by ligaments, 
they are separated by a considerable interval on the ventral side, where muscle 
intervenes—an arrangement which gives to the muscle fibers the length required 
for their efficient contraction. The upper end, however, is simply rounded off; 
presenting no proper articular surface, and it is connected with the base of the 
second primibrach by ligaments only. Although the dorsal surface of the first 
primibrach is everywhere convex, its ventral face still shows a deep groove along 
its median line; this, however, is separated by a distinct layer of calcareous network 
from the axial canal beneath it, which opens at its lower end between the articular 
surfaces and at its upper in the center of its rounded termination. 

The IBr, (axillaries) at the commencement of the free stage show, like the 
IBr,, only a slight departure from the original simple type, their lower portion 
being incompletely cylindrical, while the upper is somewhat expanded laterally 
to form a pair of articular surfaces, which look obliquely toward either side and 
are separated by a projecting median ridge. The lower extremity is rounded off 
so as to resemble the upper end of the first primibrach and, like it, shows the 
orifice of the axial canal in its center, while each of the articular surfaces at its 
upper end shows a similar perforation which is the orifice of one of the two 
branches into which the axial canal bifurcates in the interior of the segment for 
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the supply of the two arms borne by it. The dorsal face of this segment is 
everywhere irregularly convex, but the ventral face has a deep depression in its 
center, the bottom of which almost reaches the axial canal. 

The alteration which the form of the IBr, undergoes in the progress to maturity 
is even greater than that of the radial, for while they increase but little in the 
direction of their original length they undergo a great augmentation both in 
breadth and in depth, their proximal face attaining an équality in both dimensions 
with the distal face of the radial to which they are articulated, and the distal 
face coming to present a similarly expanded surface to the proximal face of the 
IBr, in place of the mere convexity in which the then cylindrical segment termi- 
nated at an early period. This change in the proportion of the several dimensions 
of these plates begins to show itself very soon after the termination of pentacrinoid 
life and, as in the case of the radials, there takes place concurrently with their 
increase in size a gradual development of the prominences that give attachment to 
muscles and ligaments, with a deepening of the cavities that lie between them, 
as well as a progressive enlargement of the central canal. 

The change in form which the IBr, undergo concurrently with their great 
increase in size is scarcely less considerable than that of the IBr,, and the same 
tendency is manifested to lateral and vertical augmentation rather than to 
increase in radial length. The proximal face of the plate, which is apposed to 
the distal face of the IBr,, rapidly increases both in width and depth, and comes 
like it to present an expanded surface the ventral and dorsal margins of which 
form the bases of triangles formed by the ventral and dorsal faces respectively. 
The entire sides of these triangles now form the margins of those lateral surfaces 
for the articulation of the first brachials, which in the earlier period were merely 
a pair of facets somewhat inclined to each other on the distal extremity of the 
segment; and these lateral articular faces, as they increase in proportional 
dimensions, come also to present prominences and fosse similar to those that are 
characteristic of the distal faces of the radials, which they nearly equal in size 
as well as resemble in appearance. The central canal, with the branches into 
which it bifurcates, is progressively enlarged by the internal resorption of its wall 
as in the preceding cases. 

In the later stages of pentacrinoid life the elements of the IBr series exhibit 
an increase in all their dimensions without much departure from their original 
form. 

Each of the arms is terminated by a growing point of condensed sarcode in 
which new brachials successively originate, a cribriform calcareous film being 
first formed on the dorsal face and an ingrowth of fasciculated calcareous tissue 
then taking place in such a manner as in the first instance to leave a deep groove 
on the ventral face which is afterwards converted into a canal by the closing over 
of its margins so that a transverse section at first resembles a horseshoe rather 
than a ring. , 

As the skeleton of the arms increases in length the vascular structures are 
prolonged, and new groups of tentacles are developed from the extensions, each 
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of these consisting, as before, of a leaflike expansion with three tentacles proceeding 
from its base, of which one is much more extensile than the other two. 

The sarcodic substance which unites the pieces of the skeleton now begins 
to show a delicate fibrous texture at their adjacent extremities, but no separate 
fibers are as yet to be distinguished. 

During the later stages of pentacrinoid life the arms continue to increase in 
length, both by the addition of new segments distally and by the growth of those 
previously formed, and it is when they have attained the length of about 0.08 
inch and consist of about 12 segments that we see the first indication of the develop- 
ment of pinnules. This shows itself at the growing extremity, which now presents 
a bifurcation, the two rami being in the first instance almost equal, and each tumified 
at its extremity by an accumulation of sarcode. 

One of these rami grows faster than the other and soon assumes a direction 
continuous with that of the axis of the arm, from which the other diverges at an 
acute angle, so that the former comes to be the proper extension of the arm, while 
the latter takes on the form of a pinnule. Soon, however, the growing point 
again subdivides, two branches being formed, as previously, and while one of these 
becomes a continuation of the arm the other is soon to be distinguished as a pinnule 
given off from it on the side opposite to that of the first formed pinnule. 

Thus the formation of the first pair of pinnules takes place in such a manner 
that the extremity of the arm presents in the first instance an appearance of bifur- 
cation, and then of trifurcation. 

The new segments henceforth added to the extremities of the arms are all 
pinnulate, the pinnules (the skeleton of which consists at this stage of six or eight 
simple cylindrical segments) being developed alternately from one side and the 
other, and being furnished with extensions of the tentaculiferous apparatus of the 
arms. 

Owing to the thickness and opacity of the cumulus of condensed sarcode in 
which they originate, Carpenter was not able to speak with positiveness as to the 
mode of formation of their calcareous skeleton, but he believes it to take place 
rather after the manner of the ossicles of the column and dorsal cirri than after 
that of the segments of the division series and arms; that is, to commence with a 
complete ring which extends itself into a hollow cylinder rather than by a cribri- 
form plate which wraps itself, so to speak, around the extension of the sarcodic 
axis. It is remarkable that the basal portions of the arms, which had been de- 
veloped previous to the first appearance of the terminal pinnules, remain destitute 
of these appendages to the end of the pentacrinoid stage, except in the case of 
the second segment, from which, on each arm, an oral pinnule is developed. 

The connection of the brachials by distinct fibrous tissue is now clearly dis- 
cernible, but this tissue corresponds rather with the ligamentous than with the 
muscular tissue of the adult Antedon. 

At the beginning of the free stage the segments which form the skeleton of 
the free arms depart even less than the primibrachs from the simple type of con- 
formation which they present at their first development, being still obviously 
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composed of the original cribiform plate, which constitutes their convex dorsal 
surface, with an ingrowth of fasciculated tissue which closes over the axial canal 
and gives to the ventral aspect a flattened surface with a median groove. This 
ingrowth is most abundant toward the extremities, where also the meshes of the 
reticulation are smaller, so that these parts have a more solid character than the 
rest. 

We now begin to see that alternate inclination to one side and the other which 
is so marked a feature in the articular extremities of the segments of the adult, 
and we also notice that while these extremities are in close contact with one 
another in the dorsal aspect, except where a small depression exists in each for 
attachment of the articular ligament, the articular surfaces of the ventral face 
slope away from each other so as to leave a considerable space for the lodgment 
of the two muscular bundles which are now conspicuously interposed between 
each pair of segments in the basal part of the arms, with certain exceptions. 
These exceptions correspond to those which present themselves in the adult, though 
the peculiarities of conformation which mark them are as yet but little pronounced. 
Thus the adjacent extremities of the first and second brachials present nearly the 
same aspect on their ventral as on their dorsal face, no beveling being seen on the 
articular surfaces of either, and they are connected by ligament only, no muscular 
fibers being here distinguishable. Again, the adjacent articular surfaces of the 
third and fourth brachials come into yet closer contact, not even a connecting liga- 
ment being interposed, and the line of their junction being transverse instead of 
oblique. This prefigures the peculiar syzygial union which shows itself between 
these and other pairs of segments in the adult. Toward the extremities of the 
arms we find the segments even more cylindrical, except where lateral processes 
are given off for the articulation of the pinnules, and the terminal faces are simply 
apposed to each other transversely without either the alternate obliquity or ‘the 
beveled articular surfaces of the basal segments, and precisely the same rudimental 
condition of the segments presents itself as that which has been already described 
as showing itself at an earlier period in their basal segments. Thus we may trace 
in one and the same arm several successive stages of development of the pieces of 
its skeleton, the most advanced proximal segments showing adumbrations of their 
adult peculiarities, though not as yet departing in any considerable degree from 
their simple primitive type. 

Besides the brachials there are commonly found in the perisome of condensed 
sarcode of the arms irregular branching spicules, which, like the orals, subsequently 
undergo complete resorption so that no trace of them is discoverable in the adult. 

The saeculi, which are quite colorless in life, after death are immediately 
and strongly stained by the pigment liberated from the perisome. 

The total number: of segments in the fully developed pentacrinoid column 
is subject to a considerable amount of variation. There may be as many as 24, 
or as few as 16. The average may be considered as about 20. 

The total length of the fully grown pentacrinoid from the base of the column 
to the extremities of the arms when these are folded together may be about 0.7 
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inch, that of the column alone being about 0.25 inch; when the arms are fully 
expanded the diameter of their circle is about 0.5 inch. 

In Antedon bifida no anterior ciliated ring has been mentioned by Busch, 
Thomson, or Carpenter. It is not unlikely, therefore, that it is absent in this 
species. 

No observer has ever reported the presence of infrabasals, though Thomson’s 
examination was sufficiently thorough to enable him to detect the extremely minute 
calcareous cylinders representing the first beginnings of the other calcareous plates. 


ANTEDON MOROCCANA. 


Perrier’s studies on the embryology and development of Antedon were based 
upon larvee of Antedon moroccana sent to him by Prof. Camille Viguier from 
Algiers, though he mentions, in passing, isolated observations on pentacrinoids of 
Antedon bifida collected by himself at Roscoff. 

So far as can be seen from Perrier’s description the development of Antedon 
moroccana does not differ essentially from that of A. adriatica as given by Seeliger. 

Perrier appears to have been the first to notice that all the young of a given 
mother are in the same developmental stage. 

The youngest fixed larva which he observed measured 0.21 mm. in length and 
0.13 mm. in breadth. 

Perrier makes no mention of infrabasals, and it is quite possible that they are 
absent from the young of this species, as well as from the young of the closely 
related A. bifida, occurring only in the more primitive A. adriatica (five) and 
A, mediterranea (three). 


COMACTINIA MERIDIONALIS, 


In connection with Mr. Frank Springer’s monograph on the Crinoidea Flexi- 
bilia his assistant, Dr. Herrick E. Wilson, made a study of the development of 
the digestive tube in the pentacrinoid larve of Comactinia meridionalis. 

He found that in the early prebrachial stage the alimentary canal consists 
of a mouth, surrounded by a narrow lip from which the oral tentacles spring; 
a short, broad, funnel-shaped esophagus; a horizontal portion distended trans- 
versely, resembling the human stomach, into the larger end of which the esophagus 
opens; and a slender intestine ending blindly which originates at the smaller left 
end of the stomach, makes a half turn, and coils dextrally around it. 

This simple alimentary system is loosely suspended in the ccelome by threads 
and lamelle of connective tissue, and is in contact with the inner wall of the cup 
only at the mouth and at the posterior end. 

The intestine in its development has coiled dextrally around the stomach, 
then turned obliquely upward toward the posterior interray, the upward turning 
having commenced near the middle of the anterior border of the right posterior 
basal, and ending in this stage with the formation of the anus'slightly to the right 
of the posterior interradial plane, on a level with the distal margins of the 
incipient radials. 


510 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


The upward turn of the intestine, which appears in the posterior interray 
of Antedon shortly after the appearance of the radianal, in this species does not 
come to lie in the posterior interradius until a very much later stage in develop- 
ment. 

As the cup expands laterally and vertically the intestine also expands, but, 
growing more rapidly than the calyx, soon fills the body cavity. 

The radianal, formed previous to and just below the anus, is parallel to the 
intestine at that point, and evidently very firmly attached to it, as is shown by 
its subsequent migration. 

The upward growth of the cup and the concomitant dextral growth of the 
intestine carry the radianal and the arms upward and into the plane of the 
posterior interradial, which, by reason of the retirement of the oral distalward, is 
the path of least resistance. 

When the portion of the intestine to which the radianal is attached comes to 
lie in a vertical position along the plane of the posterior interray the radianal 
is completely withdrawn from the radial and rests equally upon the truncated 
distolateral margins of the posterior radials. 

Its migration follows the upward and dextral growth of the intestine, which 
does not bend sharply upward along the posterior interray. The radianal for a 
considerable time holds closely to the right posterior radial, thus causing inhibition 
of its lateral growth and its peculiar asymetrical development. 


TROPIOMETRA MACRODISCUS. 


A large series of embryos of this species, collected by Mr. Furusawa, were 
sent by Professor Ijima to Mr. Frank Springer. 

Eggs preserved from 1 to 2 hours after fertilization, which are purplish pink 
in color, show the cleavage stages. 

The stages between 18 and 96 hours (4 days), yellowish in color, are free- 
swimming larve. 

The embryos of from 5 to 48 days, fading into colorless, show the earlier fixed 
stages. 

TROPIOMETRA PICTA. 


At Tobago Doctor Mortensen found that the embryo of this species, which 
has the same shape as the larva of Antedon, swims very actively for a period of 
about three days, when it attaches itself; but if no suitable place of attachment 
is found it may continue its free-swimming life, and in some cases it was found 
not to attach itself until it was 8 days old. 

The eggs of Tropiometra picta are extruded freely into the water instead 
of being attached to the pinnules as in the case of Antedon. 


ISOMETRA VIVIPARA. 


Dr. Th. Mortensen writes that the larve of this species are enveloped in 
the egg membrane until they are ready to leave the marsupium. They have well- 
developed ciliated bands. This leads Mortensen to believe that the free-swimming 
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stage is not entirely lacking, though it is probably very short, only long enough 
to enable them to traverse the distance between the marsupium and the tips of the 
cirri upturned between the arms to which they attach themselves. 

Dr. K. A. Andersson states that the development of the embryos of this species 
in all essentials agrees with that of the embryos of Antedon. 

The immigration of the entoderm cells into the lumen of the gut begins much 
earlier than in Antedon, for it has already commenced when the invagination of 
the vestibule begins, and long before the development of the embryo is completed 
the gut is crammed with them, and its wall is quite without definite cell borders, 
passing uninterruptedly over into the inner mass, which is very rich in yolk. 

In contrast to the usual conditions the vestibular invagination is deepest at 
the anterior end, and its closure begins there. 

In two cases Andersson found larve in which the posterior end had coalesced 
with the wall of the marsupium which separates it from the genital sinus. He 
suggests that possibly this is to assure better nutrition of the embryos; but Mor- 
tensen says that this condition, which he was unable to confirm, must be decidedly 
abnormal, and that it can have nothing to do with the nutrition of the embryos. 

When fully developed, in which condition they resemble the corresponding 
stages of Antedon, the larve leave the marsupium through its slitlike opening. 
After their escape they apparently attach themselves immediately to the cirri 
without passing through a true free-swimming stage. 

Since the arms as well as the cirri are movable, Andersson suggests that such 
larve as are intercepted by the arms or pinnules are transferred to the cirri. 


NOTOCRINUS VIRILIS. 


In this species, according to Doctor Mortensen, the eggs are from 0.2 mm. to 
0.38 mm. in diameter. 

As a number of ripe or nearly ripe eggs are found at the same time in the 
ovary, while there are generally only one or two, rarely three embryos in each 
marsupium, Mortensen believes that some of the eggs do not develop, but are 
dissolved and possibly serve as nourishment for the embryos. In some cases he 
found a yellow, coarsely granulated substance in the marsupia, without embryos, 
which had the appearance of eggs in process of disintegration. 

The embryos were found to be all at very nearly the same stage of develop- 
ment. They are considerably larger than the embryos of any other crinoid, being 
nearly 2 mm. in length. They possess no ciliated bands, and thus must be inca- 
pable of swimming. 

ABNORMAL EMBRYOS AND LARVA. 


Seeliger found that in some cases the first cleavage furrow divides the egg 
into two cells, which are more or less markedly different in size. The second 
furrow first divides the smaller, later the larger. The four-cell stage thus differs 
from the normal in consisting of two larger and two smaller cells instead of 
being composed of four of equal size. The third furrow is at right angles to the 
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first and divides the four cells in such a way as to produce four larger and four 
smaller daughter cells. In appearance the embryo now agrees entirely with the 
normal eight-cell stage; but it has arisen through the appearance of what. is 
normally the third cleavage furrow in advance of the first and second. 

Among perfectly formed blastule of eight and a quarter hours Seeliger found 
an embryo of very extraordinary structure. Its markedly elongated form called 
attention to it at once. Further examination showed a very large number of cells 
and two gastrulalike invaginations, the two blastopores being slitlike and almost 
at right angles to each other, at the blind ends of which a number of mesenchyme 
cells had been given off. Apart from the double invagination, development had 
progressed twice as fast as normally, for the embryo had reached a stage similar 
to that of embryos of 16 to 17 hours. Seeliger suggests that the condition of this 
embryo may be explained through double fertilization. 

On very many embryos of between 13 and 17 hours Seeliger found, usually 
directly opposite the blastopore, though sometimes nearer it, a second invagination 
just like the first, which extended inward as far as the blind end of the primitive 
gut, in some cases even pushing this out of position. This second invagination 
did not give rise to mesenchyme cells. The embryos themselves were of the 
usual spherical form. At the 24-hour stage this second invagination had invariably 
disappeared, and from that point onward the embryos developed normally to 
free-swimming larve. 

Among 60-hour embryos of normal form Seeliger found a number which 
were remarkable in that they possessed external tentacles, thus resembling that 
described by Busch, except that the tentacles were shorter and stiffer. Some 
retained the ciliated bands and swam about freely in the water, while others, 
which had already lost the cilia, were picked up from the bottom of the vessel. 
The intestinal canal was much more extensive than in the normal individuals and 
was entirely filled with a mass of cells undergoing dissolution. The left coelomic 
sack was here the one which was asymmetrically developed. The branch uniting 
the two horseshoe-shaped side pieces in the posterior section ventrally had pushed 
itself in between the gut and hydrocele. The most striking point of departure 
from the normal was the possession of ventral tentacles. The vestibular invagina- 
tion here appeared as a shallow groove, on both borders of which the tentacles arose 
as peglike structures. The hydrocele had not yet closed into a complete ring; 
on its ventral side there arose five groups of three evaginations each, of different 
lengths; the longest of these filled the ectodermal tentacle evaginations, while the 
shorter at most produced exteriorly insignificant nipplelike elevations between the 
tentacles. The ectodermal covering of the evaginations of the hydrocele is com- 
posed of a single layer of cells, prismatic in form, with the nuclei near the middle 
or in the outer half: 

Others of equal age, in which the ciliated bands had disappeared, had the gut 
extended and balloonlike, but without the included mass of disintegrating cells; 
into the lumen at various places pseudopodialike processes extended. It was only 
on the ventral side, in the immediate vicinity of the vestibular groove, that the 
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ectoderm appeared as an epithelium sharply marked off interiorly; elsewhere it 
was so intimately united with the mesenchyme that the two together formed a 
uniform tissue. The ccelomic sacs showed no noteworthy deviations from the nor- 
mal. On the ventral side there were nine tentacles which showed the same structure 
as those in the larvee just described. These nine tentacles represented the three 
posterior groups of evaginations from the hydrocele, the two anterior groups being 
so slightly developed that the body surface on the left ‘side appeared entirely 
smooth, while that on the right side showed such small projections that they could 
not appropriately be referred to as tentacles. Larve such as these appear to be 
incapable of further development. 

Sir Wyville Thomson noticed that when the ova are liberally supplied with 
fresh sea water and placed in a warm temperature the later stages of larval growth 
are, as it were, hurried over, so that the free larve scarcely attain their perfect 
form before being distorted by the growing crinoid. In other instances, in colder 
seasons and in a less favorable medium, the larvee reach a much higher degree of 
independent development and retain for a longer period the larval form. 

W. B. Carpenter remarked that the embryos when losing the power of locomo- 
tion were frequently seen floating in such a manner that the incipient discoidal 
base spread itself out (often in a stellate form) on the surface of the water, while 
the column and body of the rudimentary pentacrinoid hung downward from this; 
and it sometimes happened that by the approximation of a number of individuals 
in the same condition the stellate extensions of the disks became mutually adherent. 

In a 48-hour larva Seeliger found six basal instead of the normal five; two of 
the six were considerably smaller than the other four, and evidently together rep- 
resented the normal fifth. 


THE PENTACRINOID YOUNG. 
COMISSIA LITTORALIS. 


On one of the specimens of this species collected by the naturalists of the 
Siboga on a reef near the anchorage off the Kawio and Kamboling Islands, Kar- 
karalong group, on July 22-23, 1899, there were a number of pentacrinoids attached 
to the cirri. The smallest of these has apparently just attained the erect position. 
The others resemble very closely the pentacrinoids of Comactinia meridionalis. 

One of them measures 2.2 mm. in total length, the crown being 0.6 mm. long. 

The stem is composed of 13 columnals of which the first four are very short 
and lenticular, the fifth nearly twice as long as broad, the sixth longer, and the 
seventh and eighth the longest, nearly four times as long as broad. 

The terminal stem plate is circular. 

The radials are about the same size as the basals, approximately square with 
rounded angles, just in apposition laterally. The IBr, and IBr,, which are 
extraordinarily narrow, are present. 

The radianal lies on the left distal edge of the right posterior radial, which 
is broadly cut away for its reception, though its left lateral angle almost reaches 
the right lateral angle of the left posterior radial; the radianal reaches about 
to the posterior interradial suture, and distally to just beyond the base of the IBr,,. 
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The orals are rather narrow, with the tips somewhat produced; the proximal 
border is approximately hemispherical, and the sides converge to a rounded tip; the 
central portion is very slightly depressed. 

The most developed specimen measures 3.5 mm. in total length, the crown 
being 0.7 mm. long. 

The stem is composed of 17 columnals and a terminal stem plate. 

The first five columnals are very short and lenticular, the sixth slightly longer 
than broad, the seventh longer than the sixth, and the eighth the longest, nearly 
four times as long as broad; the following very slowly decrease in length distally ; 
the columnals are cylindrical, with only slight traces of terminal enlargement. 

The terminal stem plate is slightly lobate. 

The basals are much reduced in size. 

The radials are unusually large, approximately square with rounded angles, 
and are in contact laterally through the slightly truncated lateral angles. 

The large and conspicuous radianal, which is very broadly oval, almost cir- 
cular, reaches nearly to the middle of the IBr, distally and to the left as far 
as half way between the posterior interradial suture and the base of the left 
posterior IBr,; the left distal edge of the right posterior radial is cut away in a 
broad curve beneath it from the base of the IBr, to its junction with the left 
posterior radial. 

On the distal border of the radial circlet in each of the interradial angles 
there lies a rhombic interradial which distally reaches to the level of the base 
of the IBr,; the posterior interradial (anal a) is displaced to the left by the 
radianal, so that it spans the distance between that plate and the left posterior IBr,. 

About three brachials are present, they and the IBr, being accompanied 
by extremely narrow and delicate covering plates. 

The IBr series and the brachials are unusually slender. 


COMISSIA HARTMEYERI. 


On the cirri of the eight specimens of this species collected at Erg Tor, Gulf 
of Suez, by Dr. Robert Hartmeyer, were a number of pentacrinoids. 


COMANTHUS WAHLBERGII, 


On a specimen of this species in the British Museum from the Cape of Good 
Hope I found attached to the cirri 13 pentacrinoids. 
The columnals in these pentacrinoids number 17. 


COMACTINIA MERIDIONALIS. 
Fig. 941, p. 549, and part 1, figs. 408, 411, 412, p. 317; and pl. 4, fig. 548. 


After the discovery of the pentacrinoids of the species of the genus Antedon 
the stalked larve of Comactinia meridonalis were the next to be reported. During 
the residence of Prof. Louis Agassiz at Charleston, South Carolina, he collected 
some specimens of this species on the cirri of which were growing pentacrinoid 
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young in various stages of development. In their “ Seaside Studies,” published 
in 1865, his son, Mr. Alexander Agassiz, and Mrs. Elizabeth Cary Agassiz men- 
tioned this species for the first time and gave a rough sketch of the pentacrinoids. 
Though the specimens still exist in the Museum of Comparative Zodlogy at 
Cambridge, they have never been described. 

On January 30, 1885, the Albatross dredged in 21 fathoms off the coast of 
Yucatan a large number of the young of this species, to the cirri of which many 
pentacrinoids were attached. Several years ago I examined these specimens super- 
ficially, making notes of the more striking features, and laid them aside for 
future study. 

When Mr. Frank Springer was completing his monograph on the Crinoidea 
Flexibilia I suggested to him that he take the material and study it in connection 
with his work on the group. This he did, and with the assistance of Dr. Herrick 
E. Wilson he prepared a description of these pentacrinoids which is so compre- 
hensive and so detailed that all that is necessary here is to give a résumé of 
their results. 

None of us, and none of those to whom we have shown the specimens, have 
been able to detect any trace of infrabasals in this form. 

There were in all 200 specimens of the larve, which were found clinging to 
the cirri of a number of young individuals. The crowns of the larger ones, the 
stems of which pass upward between the arms of the foster parent, appear on the 
ventral side of the latter as a circlet of closed or opened buds lying close down 
upon the proximal pinnules. 

These larvee show almost every stage from that of a nearly closed cup of 
basals and orals, with faint incipient radials and a long tapering column, through 
the development of anal, radial, interradial, and perisomic structures, arms, pin- 
nules, and cirri, to the stages characterized by the diminution and ultimate resorp- 
tion of the orals and interradials, and the loss of the column. 

The very small pentacrinoids measuring from 0.31 mm. to 1.85 mm. in the 
diameter of the calyx were attached to the cirri of the foster parent by the usual 
form of primitive terminal stem plate. 

The youngest larve show a calyx composed almost exclusively of basals and 
orals, the latter closed and standing quite erect, and a column with the segments 
increasing in length distally. 

Very small patches of calcareous reticulation consisting of a few spicules, 
which are the beginnings of the radials, have appeared in the rhombic spaces 
between the corners of the basals and orals; but in one of these spaces the radial 
is wanting, and in its place there is a somewhat larger plate similar in composition 
to the others, which is attached to the anal end of the intestine, now plainly visible 
on the outer side of the calyx. This plate is the radianal, which now lies in the 
position corresponding to that which the radials occupy in the other areas, at the 
base of the area to be occupied by the right posterior ray. 

The calcareous reticulation is so thin and translucent that by transmitted light 
the complete alimentary system is plainly visible. It consists of the esophagus, 
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stomach, and dextrally coiled intestine. The closure of the orals has compressed 
the mouth of the esophagus so that its margin appears crenulate or folded. 

There are two specimens in which this stage is distinctly shown. In the second 
the orals, while of the same relative size as in the one just described, are slightly 
parted, and the oral tentacles project. between their summits, but have not yet 
branched. As in the first, the radial of the right posterior ray has not appeared, 
but its place is occupied by the radianal attached to the gut. Although the pro- 
jecting tentacles make this specimen appear the more advanced, the radianal is 
smaller than in the other one. The difference is due to the slight opening of the 
orals, which stretches the mouth so that its border is without wrinkles. 

In the next stage represented the right posterior radial has appeared, and 
beneath it to the left is the rapidly enlarging radianal attached to the gut, which 
is still visible through the thin reticulate plates of the body wall just below the 
anal opening. The disparity in size between the two plates is important, as tend- 
ing to confirm the antecedent appearance of the radianal and its status as an 
independent element. The anal pore is here very distinct, and the intimate attach- 
ment of the plate to the gut just below the opening is evident. 

In the following stage the radials have notably increased in size, and above 
them at the base of the tentacles may be seen two small disconnected plates which 
are the beginnings of the IBr, and IBr,. The radianal is enlarged to a lesser 
degree, and it lies to the left of the radial, which now begins to curve around it 
toward the middle of the posterior basal. The gut has become concealed behind 
the radianal except at the opening, which is visible at the apex of that plate. 

In the next stage the radials have enlarged until they almost come into lateral 
contact, except. posteriorly. The elements of the [Br series have thickened and 
become connected with the radial and with each other, the IBr, being an axilliary 
and covering the base of the tentacles, now three in number. The basals and 
orals have become relatively smaller, owing to the superior growth of the radials. 
The radianal is approximately on a level with the radial to the right of it, indent- 
ing its left side and still touching the sloping shoulders of the posterior basal. 
In the triangular spaces between the radials and orals small plates have appeared, 
formed in the same manner as the other calyx plates, which are readily recognized 
as interradials. The orals now exhibit rather distinct pores distally. 

In the following stages the radials increase in size until they greatly exceed 
the basals, which now form a low and nearly horizontal base. The interradials 
are pushed upward through the meeting of the radials below them and increase 
in number from one to five or six, in the posterior interradial area passing over 
into the plates of the heavily plated integument which is extended upward into 
a large conical protuberance now definitely constituting the anal tube. The gut 
has continued to extend itself upward until its opening is now at the apex of 
the conical projection rising far above the orals, which by the multiplication 
of interbrachial plates are now being more and more separated from the dorsal 
cup and are becoming relatively reduced in size. The radials have met and have 
formed a closed ring. The arms have appeared, and rudimentary cirri have 
appeared upon the proximal columnal. All the elements of the complete skeleton 
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are now represented, with the exception of the pinnules. The orals form a low 
pyramid, at the apex of which is the mouth. They have been reduced by rela- 
tively one-third from their former size and have become separated from the 
radials by the extension of a band of interradial plates, which tend gradually to 
pass over into the perisomic plates. The tegmen thus is now approximately 
comparable to that of Holopus, Ptilocrinus, and the young of Thaumatocrinus 
renovatus as described by P. H. Carpenter. 

From this point onward the resorption of the orals proceeds rapidly, and 
concurrently there is seen a progressively increasing differentiation between the 
interradials and the ventral integument, the perisomic plates of which become 
gradually resorbed. This resorption also involves the radianal, which has now been 
left far behind by the protruding anal tube and is actually as well as relatively 
diminished in size. The same relative decrease is true of all the dorsal elements 
of the calyx, which have leaned outward, approaching more and more a horizontal 
position, so that now they collectively serve merely as a shallow saucer for the 
support of the visceral mass. 

The pentacrinoid is now almost ready to discard its column, the cirri having 
developed to a length of 7 or 8 segments, with strong terminal claws. Pinnules 
of considerable size have appeared. The ventral perisome, still further expanded, 
is now studded with a multitude of indefinite plates from which the interradials 
are well differentiated, though reduced in number and evidently in process of 
resorption. The ambulacral grooves have appeared, traversing the disk from the 
arms to the mouth and passing in between the orals, which are now reduced to 
very small triangular plates. The anal tube has become still more conspicuous, and 
rises high above the general level of the disk. The radianal is now entirely above 
the radial circlet and no longer forms a part of the dorsal cup. The perisome at 
this stage is covered with a sort of velvety coating in which the numerous small 
plates are difficult to distinguish, and it is evidently on the verge of transformation 
into the granular skin of the adult stage, from which all plates ventrally situated, 
including interradials and radianal, have been completely resorbed. The radianal, 
after being left far behind by the posterior end of the gut as the latter is carried 
upward with the anal tube, is resorbed, together with the interradial plates from 
which in the later stages it scarcely differs. The basals become transformed into 
a rosette, just as do the basals of Antedon. 

According to Mr. Springer the outstanding differences in the development of 
this type from that of Antedon lie in the position, size, and much greater sweep 
of migration of the radianal and in the prominence of the anal tube, both attesting 
the great importance of the movements of the posterior portion of the intestinal 
canal in inducing, or retarding, changes in the form and in the composition of 


the calyx. 
COMASTERID PENTACRINOIDS. 


At station 3809, off Honolulu, Hawaiian Islands, in 51 to 125 fathoms, the 
Albatross dredged a number of pentacrinoids, some of which were attached to 
a cirrus probably of a species of Comactiniine. 
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These pentacrinoids, which have about 14 columnals, are in general similar 
to the pentacrinoids of Comactinia meridionalis. 
No species of Comasteride has heretofore been reported from the Hawaiian 
Islands. 
?LAMPROMETRA, SP. 


A very interesting pentacrinoid collected by the Danish consul at Singapore, 
Mr. Svend Gad, in 1907, can not with certainty be assigned to any one of the 
numerous species of comatulids inhabiting that locality. 

The column, with the distal portion missing, consists of 33 columnals, includ- 
ing centrodorsal. 

The centrodorsal is relatively high, its length being approximately equal 
to that of the third and fourth columnals combined, or about three times that 
of either of the two immediately following. In its distal third it suddenly 
broadens, so that this portion extends outward beyond the parallel sides of the 
more proximal portion like the flange on a car wheel, its outer border reaching 
to a point almost directly beneath the distal border of the first cirrus segment 
when the cirri are straightened out. The diameter of the distal third of the 
centrodorsal is about one-third greater than that of the proximal two-thirds. 

The second columnal is short and discoidal, about four times as broad as long, 
and is equal in breadth to the proximal two-thirds of the centrodorsal. The 
third is very slightly longer, and very slightly less broad. The fourth is a short 
cylinder, about equal in width to the third, and about twice as broad as long. 
The fifth is about one-third longer than broad and slightly constricted centrally. 
The sixth is twice as long as broad, with a more prominent median constriction and 
a narrow median raised girdle which shows a rounded profile. The next is similar, 
but longer. The following are cylindrical, with somewhat abruptly enlarged 
ends, and without a median girdle; they increase slowly in length to the eighteenth 
and following, which are about four and one-half times as long as the median 
diameter. In the distal third of the column as preserved its diameter decreases 
very gradually, so that the last segment is only about two-thirds as long as and 
half as broad as the eighteenth. 

There are four cirri present, which are of different lengths, radial in position, 
directed upward and lying close to the sides of the calyx. The longest of these 
reaches to just beyond the articulation between the IBr, and IBr,. It is com- 
posed of nine segments and a long slender and slightly curved terminal claw which 
is almost as long as the two preceding segments combined; the first segment is 
about as long as broad, the next is about one-third longer than broad, the follow- 
ing six, which are slightly less. in diameter than those preceding, are about as 
long as broad, the antepenultimate is slightly longer than broad, and the penulti- 
mate is about as long as broad. The last differs from the preceding in being tri- 
angular instead of quadrilateral in side view, the proximal border sweeping in 
a broad curve from its junction with the ventral border to the dorsal base of 
the terminal claw; the angle formed between the ventral and the distal borders is 
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a right angle; that between the distal border and the oblique curved proximal 
border is well rounded, and projects slightly beyond the base of the terminal claw. 
The cirrus segments are not constricted centrally, and there are no signs of dorsal 
processes. Another cirrus with nine segments and a terminal claw reaches to 
the distal two-thirds of the IBr,; a third with eight segments and a terminal claw 
reaches to the middle of the IBr,; and the fourth, with about eight short segments 
and a terminal claw, reaches to the distal end of the radial in the median line. 
The fifth cirrus is lacking. The longest cirrus is the left anterior, and the shortest 
the right posterior. 

From the character of the cirri the identification of this pentacrinoid with 
any of the comatulids inhabiting the vicinity of Singapore, with the exception 
of Comatula solaris, C. pectinata, Heterometra quinduplicava, Stephanometra 
spicata, S. monacantha, and Lamprometra protectus, would appear to be excluded. 

Judging from what little we know of the pentacrinoids of the species of 
Comasteridz the length and slenderness of the column and the relatively large 
number of columnals would seem to indicate that this specimen can not be the 
young either of Comatula solaris or of C. pectinata. 

The sides of the calyx to the distal borders of the radials are approximately 
straight, and diverge from the centrodorsal at an angle of nearly 90°. 

The presence of infrabasals can not be determined; but at this stage, if present, 
they would probably be united with and concealed by the centrodorsal. 

The basals are very prominent and are about equal in length to the radials. 

The latter are broadly united all around the calyx, their apposed sides being 
of about the same length as those of the basals. 

The radianal is very large and conspicuous and is entirely excluded from the 
radial circlet, though the radials subjacent are still separated by a long and very 
narrow V; its base, semicircular in outline, runs along the distal third of the lateral 
borders of the radials and entirely spans the distance between the bases of the 
IBr, on either side. The lateral borders are slightly convex, the right more so 
than the left, and converge slightly so that the distal edge, which is almost straight 
and horizontal and is on a level with the articulation between the elements of 
the IBr series, is only about two-thirds as long as the base. The reticulation in a 
transversely oval area coterminous with the proximal border and extending distally 
for about one-third the length of the plate is much finer than elsewhere. The 
distal border is more or less rough and denticulate. The plate exhibits no evidence 
of resorption. 

Except for the radianal there are no plates in the interradial areas between 
the orals and the circlet of radials. On the basis of our present knowledge this 
would seem to indicate that this specimen can not belong to any of the species of 
Comasteride. 

The orals are about as long as the radianal, but narrower, with a less regular 
outline. They appear to be deeply dentate distally and deeply depressed in the 
middle. It is not possible to determine these features satisfactorily, as they are 
more or less concealed by the arm bases. 
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The IBr, and IBr, are about equal in length, very narrow, and of the usual 
shape. The width of the base of the IBr, is about half that of the distal border 
of the radial. 

The arms consist of about 17 brachials, each with an ambulacral lappet, a 
group of tentacles, and a sacculus. Very long slender pinnules are developed on 
the eleventh or twelfth and following brachials. 

The total length is about 13 mm.; the crown (with the arms) measures 3 mm. 

So far as we are able to judge, this pentacrinoid is the young of Heterometra 
quinduplicava, Stephanometra spicata, S. monacantha, or Lamprometra protectus. 
As the last is by far the commonest of the four, it is probably to this species that 
the pentacrinoid should be referred. 


TROPIOMETRA PICTA. 


During a visit to the island of Tobago, British West Indies, in March and 
April, 1916, Dr. Th. Mortensen obtained a large series of the larve of this species. 
He writes me that he hopes to complete his report upon them in the near future. 

So hardy were these little pentacrinoids that Doctor Mortensen was able to 
bring a number of them living to New York. 


PTILOMETRA MULLERI. 
Figs. 939, p. 549, and 1228,°1229, 1230, pl. 37. 


In February, 1898, the Australian steamer 7’hetis dredged off Manning River, 
New South Wales, in 22 fathoms, a large number of pentacrinoids of this species 
which were attached to the pinnules of young individuals. 

This is the only case yet recorded of the attachment of pentacrinoids to the 
pinnules and not to the cirri of larger specimens. Attachment to partially grown 
individuals in preference to adults is duplicated in the case of the pentacrinoids 
of Comactinia meridionalis from Yucatan. 

Dr. H. L. Clark has described these pentacrinoids. He says: 


The youngest stage observed has a short, rather fleshy stalk, with a large attaching disk 
at one end and the somewhat ellipsoidal body at the other. At this stage the joints of the 
stalk appear as more or less discoidal plates, while the body wall contains 10 large plates—5 
orals and 5 basals. No radial plates are visible. 

In a specimen a trifle older the radials have arisen in the space bounded by two oral and 
two basal plates, and the stem joints are not so discoidal. 

At a still later stage the radials are conspicuous, though the orals and basals are equally 
prominent, the first costal [IBri] and the costal axillary [IBr] appear as rather elongated 
plates, and the arms consist of two or three joints; the stem, which is relatively far more 
slender than at the earlier stage, consists of 10-12 joints, of which the middle ones are longer 
than wide and are encircled at the mid-zone by a conspicuous ridge, a possible indication of 
a circle of cirri in some ancestral form. A similar ridge occurs on the stem joints of Meta 
crinus cingulatus (and other species of the genus), where it appears to be purely ornamental.” 


1The conspicuous ridge encircling the columnals at the mid-zone is, of course, the outer edge of the 
primitive median annulus, and has no relation whatever to the ridges on the columnals of Metacrinus. 
Cirri are formed on the outer ends of canals which, extending from the central organ outward, pierce the 
secondary deposit of calcareous substance in the nodals or in the centrodorsal. It would be quite impos- 
sible for them to occur on the periphery of the median annulus. 
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The older stages have the stem and attaching disk of approximately the same actual size 
as earlier, and therefore relatively much smaller. The stem joints have lost the encircling 
ridge and are practically smooth; the basals are relatively small, but the orals are still con- 
spicuous; the cirri have begun to appear on the margin of the centrodorsal; they have a variable 
number of joints, of course, and are very erect, parallel with the arms; the latter have elongated 
and the brachials are well defined. No syzygies are to be found, but the third and fourth 
plates appear to be somewhat closer together than the others, 

One of the figures given by Wright in illustrating the type of Aallispongia 
archeri, described by him as a new genus and species of sponge, probably repre- 
sents a pentacrinoid of this species. 

Three pentacrinoids of this species at hand from off Manning River, New 
South Wales, in 22 fathoms, are extremely young, the ends of the crescents from 
which the columnals are built up apparently having just joined on the ventral side. 

The short and very stout column consists of 10-12 columnals, which are little 
more than the primitive annuli, and a broad ring-shaped terminal stem plate 
nearly three times the diameter of the column which occupies the center of a 
large fleshy disk. ' 

At the top of the stem there is very clearly to be seen a circlet of rounded 
infrabasals, apparently five in number, which are quite distinct both from the 
topmost columnal and from the basals. 

The basals have very broadly rounded angles. 

The orals are rather narrow, with the distal portion rather strongly incurved. 
Their edges are not everted nor modified in any way. 


CROTALOMETRA PORRECTA. 
Figs. 1207-1209, pl. 34. 


On April 3, 1876, near Ascension Island (lat. 7° 54’ 20’’ S., long. 14° 28’ 
20’ W.) the Challenger dredged in 420 fathoms three pentacrmoids, which Car- 
penter determined as belonging to Vhalassometra multispina, for the reason that 
this was the only 10-armed species found at this station. But the fact that the 
pentacrinoids had 10 arms only is no evidence that they are not the young of a 
multibrachiate species, since increase in the number of arms does not occur until 
long after the larval column has been discarded. This, however, Carpenter did 
not know. 

I am inclined to regard these pentacrinoids as the young of Cvrotalometra 
porrecta for the following reasons: 

Carpenter says that “they are relatively much larger and more robust than 
the corresponding stages of any other species which I have seen, with the exception 
of ” Heliometra glacialis. Now Thalassometra multispina is a rather small species, 
with arms only 50 mm. long, and it is unlikely that it would be characterized by 
exceptionally stout larve, while (retalometra porrecta is a large and massive type, 
with arms 150 mm. long, and would naturally be supposed to have larvee more com- 
parable in size to those of Heliometra glacialis. 
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Carpenter states that “the spines of the cirri are present from the first, but 
those on the calyx, arms, and pinnules do not appear till after the pentacrinoid 
stage.” This indicates that the ossicles of these pentacrinoids are smooth. But so 
far as we know the development of spines in the comatulids is always much more 
marked in the very young than in the adults, the spinosity becoming less and less 
conspicuous and often disappearing altogether in later life. As these pentacrinoids 
bear no spines it is almost certain that the species of which they are the young 
is also devoid of spines. 

The extraordinary stout cirri are obviously more like those of Crotalometra 
porrecta than like those of 7’halassometra multispina. Bearing in mind that the 
relative length of the cirrus segments always decreases with age, it is evident that 
it would be difficult to derive the long segmented cirri of 7halassometra multispina 
from the relatively short segmented cirri of these pentacrinoids, while the cirri of 
Crotalometra porrecta are very easily derived from them by the simple addition 
of segments distally, plus the shortening of the segments which always accompanies 
increase in size. 

Thus there seems to me to be no doubt that these pentacrinoids are the young 
of Crotalometra porrecta and not of Thalassometra multispina, as supposed by 
Carpenter. 

As noted by Carpenter, the youngest of these pentacrinoids is remarkable for 
the shortness of the column, which has only 14 segments, including the centrodorsal, 
and terminates in a large and expanded terminal stem plate. His figure shows a 
pentacrinoid 7.5 mm. long, the crown measuring 3.5 mm. and the column 4 mm. 

The centrodorsal is a thin plate but little larger than the columnals below it, 
and the rudiments of three radial cirri have appeared upon it, the position of 
the other two being indicated by imperfect sockets. There are three similar very 
short discoidal segments beneath the centrodorsal, and the longest columnals (the 
seventh—ninth from the centrodorsal) are scarcely more than twice as long as broad. 

The basals are very short, while the radials have almost attained the perfected 
form. The elements of the IBr series are so broad as to be just in lateral contact 
when the arms are closed. There are 12 or 13 brachials, but no pinnules. Very 
large and conspicuous covering plates, which are supported by imperfect side 
plates, are present. 

In the next stage, in which the crown is 5.8 mm. long, the first pinnules have 
appeared on the eleventh or twelfth brachials and are provided with large covering 
and side plates. The five radial cirri which were first formed are well developed, 
so far as can be judged from their basal segments, which are all that remain, while 
there are one or two slight indications of the second whorl of cirri, the positions 
of which alternate with those of the first. The centrodorsal has increased consid- 
erably in thickness, as have also the segments below it, which have similar reenter- 
ing angles, just as is the case in the infranodals in the column of the pentacrinites. 

In the oldest larva the basals are concealed by the centrodorsal, which has now 
reached a considerable size, with the second whorl of cirri well developed and even 
traces of a third, while there is only one discoidal segment below it. 
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GLYPTOMETRA TUBEROSA. 
Fig. 1211, pl. 34. 


On January 25, 1875, while in the Philippine Archipelago off Panglao and 
Siquijor (lat. 9° 26’ N., long. 123° 45’ E.) the Challenger dredged in 375 fathoms a 
single young pentacrinoid, which Carpenter identified as belonging to Glyptometra 
tuberosa, captured at the same station. 

The total length of the pentacrinoid is 6 mm., of which the column represents 
about 4.2 mm. 

There are 13 columnals, including the centrodorsal but not the terminal stem 
plate. Only the centrodorsal and the segment immediately below it are broader 
than long. The eighth-ninth, which are the longest, are greatly elongated. There 
are no indications of cirri. 

The calyx is conical and rather narrow, the sides diverging, in approximately 
a straight line, from the centrodorsal at an angle of about 60°. 

The basals and radials are of about the same height, and their lateral borders 
are united for about the same distance. 

The IBr, and IBr, are elongated and very narrow. The IBr, occupies the 
median third of the radial. There are about six brachials, which carry large 
and conspicuous covering plates. 

The larva is a trifle more robust than the corresponding stage in Antedon 
bifida. 


ANTEDON PETASUS. 
Fig. 1355, pl. 56. 


In January, 1910, Doctor Mortensen found attached to a Balanus on a valve 
of a Pecten maximum at Kristineberg, Fiskebiackskil, Sweden, a single pentacrinoid 
of Antedon petasus. 

The crown of this specimen measures 2 mm. and the column about 4 mm. 
in length. Both the first pinnules and the cirri are present, having apparently 
arisen contemporaneously. 

The column consists of 27 segments, of which the 9 proximal are short, and the 
2 nearest the calyx conspicuously broader than the others. The fully formed 
columnals are hourglass-shaped, widened at the ends in the usual way, the long 
axes of the articular surfaces of each at right angles to each other. There is no 
trace of the median annulus. They are rather short, 0.3 mm. long by 0.1 mm. wide. 
Distally the columnals become graduaily shorter. The terminal stem plate is 
only slightly lobed. 

There are no infrabasals. This I can confirm personally, for Doctor Mortensen 
was so kind as to allow me to study the specimen in his laboratory at Copenhagen. 

The calyx exhibits no distinctive characters. 

The orals resemble those of Antedon bifida. 

The first pinnules are on the eleventh or twelfth brachials. 

The cirri are radial in position. 
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ANTEDON BIFIDA. 
Figs. 1191-1198, pl. 30; 1195, pl. 31; 1201-1203, pl. 32; and 1204-1206, pl. 33. 


The pentacrinoids of this species in their later stages have already been 
described, and the earlier stages are considered in the section dealing with 
embryology and development (p. 502). It will be sufficient here to recall the 
following facts: 

The total length of the fully grown pentacrinoids from the base of the column 
to the extremities of the arms when these are folded together is 0.7 inch; the 
column alone measures 0.25 inch; when the arms are fully expanded the diameter 
of their circle is about 0.5 inch. 

There appear to be no infrabasals. 

The columnals number 16-27, averaging about 20. 

Prof. Michael Sars, who described the pentacrinoid of Hathrometra sarsii, 
was never able to secure pentacrinoids of Antedon petasus with which to compare 
them, but through friends he obtained 17 specimens of the pentacrinoids of Antedon 
bifida from Belfast, Ireland, and from the Firth of Clyde, of which he gave a 
description for purposes of comparison with the pentacrinoids of 7. sarsiz. 

The most developed of these pentacrinoids of Antedon bifida was 10 mm. 
long; the column, composed of 16 segments, measured 4.25 mm. In three others 
of approximately the same size the stem was composed of 16, 21, and 27 segments. 
In one of these three, of which the length was also 10 mm., and in which the column 
was relatively longer than in the others, being nearly 8 mm. long and consisting 
of 27 segments, the crown, which scarcely exceeded 2 mm. in length, was only 
slightly developed, the arms being without pinnules and the centrodorsal without 
cirri. 

The specimens in which the arms are the most developed and possess two or 
three pairs of pinnules near the distal extremity have the centrodorsal with 5, 7, 
or 9 cirri of different sizes; in one it bears a little tubercle, indicating the 
beginnings of a tenth cirrus. 

The five primary cirri are, as stated by W. B. Carpenter, situated interradially. 

P, begins to develop when the rest of the arm has only two or three pairs 
of pinnules near its distal end. 

In one of the largest individuals the periphery of the terminal stem plate 
shows some very short digitiform prolongations as in the pentacrinoid of Hathro- 
metra sarsit. 

While in the case of Antedon bifida very often several pentacrinoids may 
grow so closely together that they appear to arise from a common base, this never 
happens in ZH, sarsii. 

Professor Sars thus summarizes the difference between the pentacrinoids of 
Antedon bifida and those of Hathrometra sarsii. 

Though when adult Hathrometra sarsii is no larger than Antedon bifida its 
pentacrinoid young is very much larger, being from three to four times as long. 
The column is relatively much longer, but the arms are shorter. 
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The column of the pentacrinoids of H. sarsii is composed of usually about 
40 (in some cases as many as 44, or even 49) segments. In A. bifida the number 
varies between 16 and 27, averaging about 20. 

The terminal stem plate in H. sarsi is provided with long digitiform pro- 
longations. In A. dzfida it is circular or lobate and only very rarely shows short 
and broad processes. Sars suggests that the characteristics of the terminal stem 
plate of H. sarsii are necessitated by the large size of the larve. 

At the time of detachment from the larval column H. sarsii is much farther 
advanced than A. bifida. There is a much greater number of pinnules, which 
occur all along the arm, and the centrodorsal bears a very much larger number 
of cirri. 

H. sarsii breaks away from the larval column from the end of March to May, 
while A. bifida becomes detached between the middle of August and the middle 
of September. 

Sars’ youngest pentacrinoids were taken at the beginning of July and his 
oldest in March, April, and May, together with young free living individuals 
which evidently had just become detached, and which were no larger nor in any 
way more developed than the oldest of the pentacrinoids. Some of them were 
even less developed than the latter. 

Sars found eggs in the pinnules of HZ. sarsii in June. Assuming that the sexual 
products are developed in the early summer and at no other season (which, however, 
is not established), it would seem that the development of the pentacrinoids of this 
species takes place much more slowly than that of the pentacrinoids of Antedon, 
occupying almost an entire year. 

Regarding the pentacrinoids of Antedon bifida, J. V. Thompson says that they 
possess the power of bending or inclining the column freely in every direction, 
and, what is more remarkable, of twisting it up into a short spiral, and that 
with a considerable degree of vivacity—a kind of movement that has not been 
noticed except in Vorticella. He speaks of the arms as at one time spreading 
outward like the petals of a flower, at another rolled inward like an expanding 
bud. 

Allman said that his specimen, in the “ prebrachial stage,” was very irritable, 
and on the slightest annoyance the tentacles were suddenly withdrawn and the 
valvelike plates of the pyramidal roof instantly closed down over them. In 
this retracted state it might remain for a long time, wearying the patience of 
the observer, who might have to wait for hours together before he could again 
obtain a satisfactory display of its structure. 

J. V. Thompson stated that from observations repeatedly made he thought 
it most probable that the comatulids attain their full growth in one year, so 
as to be in a condition to propagate their kind the summer following that of their 
birth. i 

At that time (viz., May and June) these full-grown individuals have the membraneous expan- 
sion inside each of the pinne considerably extended, at least as far as the fifteenth or 


twentieth pair. These, which are the matrices or conceptacula, at length show themselves 
distended with the ova which in July, aud even earlier, make their exit through a round 
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aperture on the fascial side of each conceptaculum, still, however, adhering together in a 
roundish cluster of about 100 each, by means of the extension and connection of their umbilical 
cords. By what means these ova are dispersed, or how they become attached to the stems and 
branches of corallines, remain to be discovered; but it is strongly to be suspected that the 
animal is gifted with the power of placing them in appropriate situations; otherwise we 
should find them indiscriminately on fuci, shells, stones, etc., which does not appear to be the 
case. 

He also remarked that the great abundance of comatulids in the places they 
inhabit is not to be wondered at when we are aware how exceedingly prolific they 
are; thus each arm may be estimated to bear 30 fruitful conceptacles, each pro- 
ducing about 100 ova, and, as there are 10 such, this gives 30,000 as the amount 
of ova produced by a single individual. 

According to J. V. Thompson and Sir Wyville Thomson, the casting off of 
the stalk takes place not before the middle of August and usually not later than 
the middle of September. Since Sir Wyville determined the maturity of the eggs 
as occurring at the end of May or the beginning of June, the duration of the 
stalked life is from two and a half to four months. 

W. B. Carpenter states that the larve detach themselves from the stalk 
after a developmental period of from five to six months. When detached they 
are far from mature, acquiring maturity at the earliest in the following summer. 
He says that the full-sized animals are probably several years old. 

Sir Wyville Thomson noticed that the larve sometimes remain free swimming 
for many days, and Busch kept larve for a considerable time without their 
becoming attached. 

ANTEDON MOROCCANA. 


Though the pentacrinoids of this species have been studied in great detail 
by Perrier, as he did not distinguish between this form and Antedon bifida and 
A, mediterranea it is impossible to say to which of the three his remarks apply. 
I saw many of these pentacrinoids from Algiers in the Paris Museum, but I had 
no time to study them in detail. 

Perrier writes that the larvee of the comatulids live during the greater part 
of their development either adhering to the pinnules of the mother or fixed to 
submerged bodies, such as alge, bryozoans, hydroids, the tubes of annelids, ete. 
This may refer in part to the young of A. moroccana, since the young of none 
of the other species of Antedon have as yet been found upon the parent. 


ANTEDON MEDITERRANEA. 
Figs. 18387-1340, pl. 51. 


Chadwick’s account (1907) of the development of Antedon bifida and his 
figures are based upon this species, his material having come from Naples. 

The pentacrinoids of Antedon mediterranea agree in almost all particulars 
with those of Antedon bifida, but they appear to be slightly less robust, with 
slightly longer columnals. 

There are usually three infrabasals. 

The columnals number 13-15. 
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Bury gives the length of the free-swimming larval life as about 12 hours. 

Barrois states that the embryo usually remains inclosed in its membrane and 
attached to the pinnule of the parent until the sixth or seventh day, and that the 
majority are not freed until the seventh day, though in this respect they are 
subject to considerable variations. Elsewhere he says that the duration of the 
development of the larve is seven days of 24 hours each. 

He also noticed that many larve continued for a considerable time without 
fixation and then underwent abnormal development. 


ANTEDON ADRIATICA,. 


The pentacrinoids of this species are almost identical with those of Antedon 
mediterranea. 

There are usually five infrabasals. 

The columnals number 13-18. 


COMPSOMETRA SERRATA. 


While staying at Misaki, Japan, Doctor Mortensen was so fortunate as to 
obtain a large series of the pentacrinoids of this species, upon which he is now 
working. 

Up to the time of Mortensen’s visit to Japan Compsometra serrata was known 
from only two specimens, both taken in the same dredge haul by Mr. Alan Owston. 


COMPSOMETRA LOVENI. 
Part 1, fig. 410, p. 317. 


There are at hand, attached to a small piece of seaweed from Port Jackson, 
New South Wales, four very young pentacrinoids of this species, in none of which 
the radial structures have as yet appeared. 

The length of the most developed is 2 mm. 

The column is composed of 14 columnals, with in all cases an irregularly 
lobate terminal stem plate, which is rather large. The first four columnals are 
very short, lenticular, the first the shortest. The following increase in length 
to the seventh-eleventh, which are about three times as long as broad, with the 
median annulus very prominent; the distalmost become shorter again. 

The basal cup is broader than high, with the profile strongly rounded. 

The orals are about as long as the basals, with the distal portion strongly 
incurved. In the proximal half the sides are parallel; in the distal half the 
outline is semicircular. The central portion, a triangular region with the proximal 
border as a base, is depressed, the lateral areas beyond curving rather strongly 
outward. 

In the smallest specimen the orals, which are narrow, are only slightly 
depressed in the middle, the eversion of the sides having only begun. 

Judging from the figures given by Wright of his new genus and species 
of sponge, Hallispongia archeri, it was based chiefly upon a pentacrinoid of 
this species. 
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LEPTOMETRA CELTICA. 
Fig. 1212, pl. 34. 


P. H. Carpenter recorded that the Porcupine, dredging in 220 fathoms off 
Cape Mondego, Portugal, in 1870, yielded a single larva of this species in which 
the radials have not as yet appeared. He noted that it did not differ in any 
important respect from the corresponding stage in the larva of Antedon bifida, 
but the column is a trifle less robust as compared with the size of the head, and 
the five sacculi, which are so constant in the Antedon larva (one between the bases 
of every two oral plates) do not appear to be present. 

The figure shows 13 columnals, a circular terminal stem plate, and orals with 
considerable more eversion of the lateral edges than occurs in Antedon. 


LEPTOMETRA PHALANGIUM. 


Lo Bianco states that the pentacrinoid young of this species are found on 
the cirri of the adults in June and September at Naples. There is no further 
reference to them. 

ISOMETRA VIVIPARA. 


Both K. A. Andersson and Th. Mortensen have published notices of the penta- 
erinoids of this species; neither has described them in detail, though the latter 
will do so shortly. 

Among 11 sexually mature females examined by him, Andersson found 7 with 
stalked young on the cirri. 

The cirri to which the young are attached are more developed than the others, 
consisting of usually 34 or 35, seldom of as few as 31, segments, and are directed 
upward between the arms, while the other cirri, curving downward as usual, are 
composed of only 27-29 segments. 

The young are always attached near the tips of these longer erect cirri, and 
always within a sector from 2 mm. to 3 mm. in length. 

One female carried no fewer than 99 young distributed on 8 cirri, which bore 
30, 24, 17, 12, 9, 4, 2, and 1, respectively. Another had 40 young distributed on 6 
cirri. All the stages between the oldest and larve just attached are represented. 

The largest pentacrinoids present are 15 mm. long, the crown being 4 mm. 
in length. The pinnules are in process of formation, but no cirri have as yet 
appeared. The terminal stem plate is in the form of a disk which is wrapped 
about the cirrus. 

Some of the small pentacrinoids are on the stems of the larger ones. 


HELIOMETRA GLACIALIS. 
Figs. 1215, pl. 34, 1226, pl. 37, and 1354, pl. 56. 


Doctor Danielssen records that the Norwegian North Sea Expedition secured 
a pentacrinoid of this species in latitude 80° 03’ N., longitude 8° 28’ E., at a depth 
of 260 fathoms, on August 14, 1878. 
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While at Bergen I examined several additional pentacrinoids secured by the 
same expedition but not recorded in the published results. Two of these, one of 
which is mounted on a slide, were taken on August 6, 1876, in latitude 64° 36’ N., 
longitude 10° 22’ E., at a depth of 299 fathoms. There is no trace of cirri, and, 
so far as can be determined, infrabasals appear to be absent. 

Another was dredged at Station 74 in August, 1876, at a depth of 612 fathoms. 
There are about a dozen cirri, a pair, side by side, in each radial area, and one or 
two additional. 

Two, one of which is mounted on a slide, were found on July 22, 1878, at 
latitude 74° 54’ N., longitude 14° 53’ E., in 658 fathoms. One of these is rather 
stout in all its parts. There are 5 cirri, the largest with 15 segments. The 
eolumnals are about 40 in number. In the distal portion of the column radicular 
cirri and extra attachments are present, as described by Sars in Hathrometra sarsii. 

The arms of a pentacrinoid of this species at a stage when three or four 
pinnules are present show large side and covering plates, as described by Mortensen. 

The Danish steamer Dijmphna secured a single pentacrinoid of this species in 
the Kara Sea (fig. 1226, pl. 37) which measured 21 mm. in length, the crown being 
7 mm. and the column 14 mm. long. 

The column consisted of 37 segments and terminated in a strongly digitiform 
terminal stem plate, recalling the same structure in Hathrometra sarsii. The 
proximal columnals are short and discoidal. In the figure four are shown of this 
type, including the centrodorsal, which decrease rather rapidly in diameter. The 
following 12 are markedly swollen, especially the first six of these, their sides being 
strongly convex in lateral view. In the distal six the swelling is confined to a 
median zone, which appears as a narrow transverse band in lateral view. The 
succeeding six are approximately cylindrical, or slightly broadened at the ends. 
On the following six the sides are markedly concave in lateral view. Most of the 
segments are provided with fairly regular parallel rows of small protuberances, 
the regular arrangement of which is interrupted at the median transverse zone and 
at the ends of the segments, which have concave sides. The oldest (distalmost) 
columnals are quite without a regular arrangement of the small protuberances, 
and the narrow median zone, representing the primitive annulus, has disappeared. 

The basals are still evident. 

According to the figure given by Levinsen five cirri, which reach to the first 
brachials, are present. 

On the distal portion of the arms a number of pinnules are present, the lowest 
being on the thirteenth or fourteenth brachials. 

Doctor Mortensen has described two pentacrinoids of Heliometra glacialis from 
Spitzbergen, one of which is in the Zoological Institute of Upsala and the other in 
the Stockholm Museum. 

In the specimen at Stockholm (pl. 56, fig. 1354) the first pinnules and the 
cirri have appeared. The crown is 5 mm. in length, and the column, in which 35 
segments remain, but from which probably about 10 of the distal are lacking, 
is 20 mm. 


530 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


The calyx agrees with that of Zathrometra sarsii in the corresponding stage, 
the IBr series having become rather broad and the orals having become widely 
separated from the radials. j 

The orals are of the same shape as those of Hathrometra proliza. 

There are no infrabasals. 

The cirri are radial in position and evidently have appeared serially. 

The first pinnules appear on the twelfth or thirteenth brachials. 

The three proximal columnals are conspicuously wider than the rest. These 
and the two following are quite short. In the sixth the portion below the median 
annulus has begun to lengthen, the length of the columnals increasing from this 
point distally. The median annulus is very conspicuous in the more proximal 
segments, these being distinctly wider in the middle than at the ends. In the 
fully formed segments where the ends are expanded the median portion is still 
somewhat prominent. 

In the specimen at Upsala, which is attached to a cirrus, the pinnules have not 
yet appeared. The calyx measures 2 mm. and the column 5 mm. in length. 

The orals are still in contact with the radials and are of the same shape 
as those of Hathrometra prolixa. 

The proximal columnals are only slightly broader than those beyond. 

Mortensen notes that the length of the column is so different from that of 
the other specimen and from that in the specimen recorded by Levinsen (which 
had a column 14 mm. long) that it seems scarcely credible that it could reach 
a simlar length in a corresponding stage. 

Dr. K. A. Andersson states that one of the specimens subsequently described 
by Doctor Mortensen was found attached to the cirri of an adult. 


PROMACHOCRINUS KERGUELENSIS. 
Figs. 881-937, pp. 533, 588, 541, 545, 549. 


A large series of the pentacrinoids of Promachocrinus kerguelensis is at 
hand, which forms part of the crinoidal material collected by the naturalists 
of the German South Polar Expedition in the vicinity of Gaussberg in 1902-03. 

The pentacrinoids brought back by the Gauss were captured at all seasons 
of the year. The dates on which the various developmental stages were found 
are as follows: 

Least developed specimens, with no radial structures: February 7, 8; Novem- 
ber 9, 22, 24. 

Specimens showing the development of radial structures: January 12, 28; 
February 7, 15; December 26. 

Specimens with the radials showing considerable growth: April 14. 

Specimens with IBr, just appearing: November 9. 

Specimens with the radials not quite in contact: January 12; August: 12. 

Specimens with the radials just in contact: January 28; February 7, 8; 
April 17; June 25; July 31; November 9. 
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Specimens with the radials about two-thirds as large as the basals: April 10. 

Specimens with the radials nearly as large as the basals: September 1; 
November 9. 

Specimens with the radials just in contact in the posterior interradius: 
January 12, September 1, November 9. 

Specimens with 12 brachials: June 25. 

Specimens showing the first appearance of interradials: September 1. 

Specimens with the interradials half as large as the radials; January 30, 
November 9. 

A specimen nearly ready to discard the column: June 14. 

Expressing the same facts in another way, on the following dates the develop- 
mental stages listed were found: 

January 12: (1) Specimens showing the beginnings of the radial structures; 
(2) with the radials not quite in contact; and (3) with the radials just uniting 
across the posterior interradius. 

January 28: (1) Specimens showing the beginnings of the radial structures, 
and (2) with the radials just in contact. 

January 30: (1) Specimens with the interradials half as large as the radials. 

February 7: (1) Specimens with the radial structures as yet undeveloped: 
(2) showing the beginnings of the radial structures; and (3) with the radials 
just in contact. 

February 8: (1) Specimens with the radial structures as yet undeveloped, 
and (2) with the radials just in contact. 

February 15: (1) Specimens showing the beginnings of the radial structures. 

April 10: (1) Specimens with the radials about two-thirds as large as the 
basals. 

April 14: (1) Specimens with the radials showing considerable growth. 

April 17: (1) Specimens with the radials just in contact. 

June 14: (1) An apparently fully grown pentacrinoid. 

June 25: (1) Specimens with the radials just in contact, and (2) a specimen 
with 12 brachials. 

July 31: (1) Specimens with the radials just in contact. 

August 12: (1) Specimens with the radials not quite in contact. 

September 1: (1) Specimens with the radials nearly as large as the basals, 
(2) with the radials just uniting across the posterior interradius, and (3) showing 
the first appearance of interradials. 

November 9: (1) Specimens with the radial structures as yet undeveloped; 
(2) with the radials not quite in contact; (3) with the radials just in contact; (4) 
with the radials nearly as large as the basals; (5) with radials just uniting 
across the posterior interradius; and (6) with the interradials half as large as the 
radials. 

November 22: (1) Specimens with the radial structures as yet undeveloped. 

November 24: (1) Specimens with the radial structures as yet undeveloped. 

December 26: (1) Specimens showing the beginnings of the radial structures. 
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According to the preceding data, we appear to be justified in concluding 
that Promachocrinus kerguelensis spawns in the spring and reaches the end 
of the cystid or prebrachial stage (indicated by the incipient and actual for- 
mation of radial structures) in November—February—that is to say, in midsummer. 
Although so far as I am aware, no quantitative information is available, this 
season, being the season of maximum illumination, must be the season of the 
maximum abundance of the diatom flora and of the associated floras and faunas. 

By April the radials show considerable growth, and in the following November 
the IBr, appear. 

One year after the first appearance of the radial structures the radials form 
a complete circlet about the calyx, except in the posterior interradius, where the 
two posterior radials are separated by the radianal. They are found almost in 
contact in August-January and just in contact in November—July. 

In April of the second year the radials are about two-thirds as large as the 
basals, and in the following September-November they have become nearly as 
large as the basals. 

The end of the second year finds the two posterior radials coming into contact 
beneath the radianal, which occurs in September—January. 

By the following June, two years and a half after the completion, of the eystid 
stage, in the middle of the second winter of its existence, the pentacrinoid, judg- 
ing from a comparison between the most developed individuals and the smallest 
free living specimens, is fully grown and ready to discard the larval column. 

The following examples of the pentacrinoid stage of Promachocrinus ker- 
guelensis have been studied: 

No. 1 (fig. 881, p. 533) : Dredged on November 9, 1902, at a depth of 385 meters. 

Total length (distal portion of column missing) 1.1 mm. length of crown, 
0.3 mm. 

The stem as preserved consists of seven columnals, of which the first is twice 
as broad as long, with a projecting narrow girdle about the proximal margin; 
the second is about as long as broad, with a similar prominent projecting girdle 
near the proximal margin; the third is somewhat longer than broad, with a narrow 
girdle just proximal to the middle; and the fourth and fifth are about twice as 
long as broad, with a median girdle; the two distalmost columnals are crushed. 

Prominent infrabasals appear to be present. 

The basals form a deep cup with slightly and regularly convex sides, which 
is slightly higher than broad. 

The orals are about as high as the basals; their sides in the proximal half 
are parallel, and the profile of the distal half, which is bent inward, is semicircular, 
with a narrow median notch; bounded by lines running from the apex of this 
notch to the proximal angles is a triangular area whieh is more or less flattened 
from which the distal and lateral portions of the orals are bent outward at a 
considerable angle. 

No. 2 (fig. 882, p. 533) : Dredged on November 9, 1902, at a depth of 385 meters. 

Total length (distal portion of column missing), 2.8 mm.; length of crown, 
0.3 mm. 





Fics. 881—-894.—PENTACRINOID LARVE® OF PROMACHOCRINUS KERGUELENSIS (DRAWINGS BY AUTHOR). 881. 
SPECIMEN DESCRIBED AS No. 1. 882. SPECIMEN DESCRIBED aS No. 2. 883. SPECIMEN DESCRIBED AS 
No. 3. 884. SPECIMEN DESCRIBED AS No. 4. 885. SPECIMEN DESCRIBED AS No. 5. 886. SPECIMEN 
DESCRIBED AS NO. 6. 887. SPECIMEN DESCRIBED AS No. 7. S88. SPECIMEN DESCRIBED AS No. 8. 889. 
SPECIMEN DESCRIBED 4S No. 9. 890. SPECIMEN DESCRIBED AS No. 11. 891. SPECIMEN DESCRIBED AS 
No. 12. 892. SPECIMEN DESCRIBED AS NO. 13. 893. SPECIMEN DESCRIBED AS NO. 14. 894. SPECIMEN 
DESCRIBED AS No. 16. 
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The stem as preserved consists of 14 columnals, of which the first is over twice 
as broad as long, with a projecting median girdle; the second is slightly broader 
than long, with a projecting girdle about the proximal border; the third is about 
as long as broad, with a projecting girdle just proximal to the middle; the fourth 
is twice as long as broad, with a median girdle which does not project beyond the 
general surface; and the following increase in length so that the eighth and 
following are four times as long as broad, with a conspicuous median ring. 
Except for the earlier columnals, which have a projecting girdle, the stem segments 
are all cylindrical without a central construction or swollen ends. 

There are five prominent infrabasals. 

The basals form a deep cup about as broad distally as high, the sides of which 
become almost parallel in the outer portion. 

The orals are about as long as the basals. In the proximal half their sides 
are parallel; in the distal half the outline is approximately hemispherical, with 
a deep notch in the median line; a triangular area bounded by lines running from 
the apex of this notch to the two proximal angles is flattened; the distal and lateral 
portions beyond this area are bent outward and backward. 

No. 3 (fig. 883, p. 583) : Dredged on November 24, 1902, at a depth of 385 meters. 

Total length, 2.2 mm.; length of crown, 0.3 mm. 

The column consists of 15 columnals and a terminal stem plate. The topmost 
columnal is short and discoidal, the next two are slightly broader than long, the 
fourth is somewhat longer than broad, and the following increase rapidly in 
length to the eighth-eleventh, which are about three times as long as broad, while 
from this point on there is a decrease in length, so that that preceding the most 
distal is only about twice as long as broad. 

The terminal stem plate is a circular disk. 

The presence of infrabasals can not be satisfactorily determined. 

The basals form a narrow cup which is only very slightly broader across the 
distal border than high. 

The orals are of approximately the same length as the basals. In their proxi- 
mal half the sides are parallel; the outline of the distal half is approximately 
a semicircle, with a median notch. In their proximal two-thirds the orals lie in 
planes parallel to the dorsoventral axis; the distal third is bent inward at right 
angles to this plane. The greater part of the orals, embracing the triangular 
region bounded by lines running from a point just beneath the distal median 
notch to the proximal lateral angles, forms a spherical triangle of rather long 
radius of which the apex is bent inward. The portions beyond this region on 
either side are turned outward. Between the apex of the median notch and the 
apex of the spherical triangle is a short keel. 

The radials are evident as minute dots in each of the angles between the orals 
and basals. In one of these angles a larger plate, the radianal, occurs just to the 
left of and on the same transverse plane with the radial. 

No. 4 (fig. 884, p. 533) : Dredged on November 22, 1902, at a depth of 385 meters. 

Total length (distal portion of column missing), 1.7 mm.; length of calyx, 
0.3 mm. 


MONOGRAPH OF THE EXISTING CRINOIDS. 535 


The column, of which the distal part is missing, contains 16 columnals. The 
first two are very thin, the following gradually increasing in length to the eighth, 
which, with the following, is about twice as long as broad. All of the columnals 
show a median annulus, which, though very conspicuous and projecting outward 
for some distance on the earlier, becomes inconspicuous after the ninth or tenth. 

There are five prominent rounded infrabasals. 

The basals, of the same height as the orals, form a deep and narrow cup, 
which is about as broad as high. In the outer half of this cup the sides are 
nearly parallel; in the proximal half they curve regularly and rather rapidly 
inward to the top of the column. 

The orals are, broadly speaking, shaped like those of Hathrometra prolixa; 
in a lateral view of the calyx the distal and lateral profiles of the orals collectively 
are straight for about half their length, uniting with each other in a broad regular 
curve; in other words, the orals show an oblong figure, broader than long, with 
the two outer angles broadly rounded off. In the proximal half of each oral the 
sides are parallel; the profile of the outer half in direct view is semicircular. A 
triangular median portion extending from the proximal border as a base to a point 
about two-thirds of the distance from the base to the tip in the median line as 
the opposite apex is depressed, taking the form of a spherical triangle. With 
this portion the remainder makes a slight angle. The median distal region is 
broadly rounded, neither carinate nor flattened, so that the orals when closed 
together leave a relatively large stellate opening between their apices. 

There are no radial structures. 

No. 5 (fig. 885, p. 533) : Dredged on February 7, 1903, at a depth of 350 meters. 

This specimen resembles the preceding, and similarly there is no notch in the 
distal border of the orals. 

No. 6 (fig. 886, p. 533): Dredged on January 28, 1903, at a depth of 380 meters. 

Total length, 2.3 mm.; length of crown, 0.3 mm. 

The column consists of 16 columnals and a terminal stem plate; the topmost 
columnal is very short and discoidal, the following increasing in length to the 
sixth, which is about as long as broad, and the seventh, which is about twice as 
long as broad, still further increasing to the ninth-eleventh, which are about 
six times as long as broad, and from that point decreasing in length distally. <A 
narrow median girdle is visible in all the columnals and projects strongly in the 
first six; in the seventh it passes about the end of the proximal third. 

The terminal stem plate is regularly and broadly pentalobate. 

Infrabasals of considerable size appear to be present. 

The basal ring is of moderate proportions, half again as broad distally as high. 

Five minute radials appear to be present. 

Just to the left of and on the same level as one of these is a much larger 
plate, the radianal. 

The orals have approximately parallel sides m the proximal half; in the 
distal half they are bent inward, and the sides converge to a rounded distal angle. 
Each is roughly divided into three triangular and one rhombic areas. Bounded 


142140—21—Bulll. 82 36 





536 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 


by lines running from the middle of the median line, which is depressed, to each 
of the proximal lateral angles, is a triangular area which follows the contour of 
the body; a rhombic area bounded by the distal border and by lines from the outer 
third of the lateral borders to the depressed point midway between the tip and 
the base is nearly plane; laterally in the proximal two-thirds there are two tri- 
angular areas, the obtuse apices of which lie on the depressed point midway between 
the tip and the base, which are bent outward in such a way that their outer borders, 
between the proximal lateral angles of the orals and the lateral angles of the distal 
rhombic area, form a broad curve. 

No. 7 (fig. 887, p. 533) : Dredged on February 7, 1903, at a depth of 350 meters. 

Total length (distal portion of column missing), 1.5 mm.; length of crown, 
0.3 mm. 

The column as preserved consists of seven segments, of which the first is 
short and discoidal, and the following increase in length to the fourth, which is 
about as long as broad, the fifth, which is three times as long as broad, with a 
narrow projecting girdle about the end of the proximal third, and the sixth and 
seventh, which are about six times as long as broad. 

There appear to be five prominent rounded infrabasals. 

The basals form a deep cup, with slightly convex sides, which is not quite 
half again as broad as high. 

No radial structures could be detected. 

The orals have parallel sides in the proximal half; in the distal half the sides 
converge rapidly to the rounded apex. A triangular area, of which the proximal 
border forms the base and the central point on the median line from the base 
to the tip the apex, is flattened; a rhombic area, including the distal portion and 
converging to a proximal apex at the central point in the median line between 
the base and the tip is moderately concave exteriorly; the two narrowly triangular 
lateral areas remaining are bent outward and backward. 

No. 8 (fig. 888, p. 533) : Dredged ra February 8, 1903, in 350 meters. 

This specimen does not differ essentially from the preceding. 

No. 9 (fig. 889, p. 583): Dredged on February 8, 1903, in 350 meters. 

Total length (distal portion of column missing), 4 mm.; length of crown, 
0.7 mm. 

The distal portion of the column is missing. There remain 21 columnals, 
of which the first four are short, though of progressively increasing length, more 
than twice as broad as long, with a prominent projecting median girdle; the fifth 
is about as long as broad, with a projecting girdle in its proximal portion; the 
sixth is nearly three times as long as broad, with a prominent girdle about the end 
of the proximal third; and the following, which have no girdle, gradually increase 
in length to the eleventh-fifteenth, which are between five and six times as long 
as broad, while the following become gradually shorter again, so that the last 
three remaining are scarcely three times as long as broad. The column is of the 
same diameter throughout, and the columnals, except those with a girdle, are simple 
cylinders without a median construction or swollen ends. 

There appear to be five well-developed infrabasals. 
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The basals, which are not quite so long as the orals, form a cup which is 
relatively high, slightly broader than long, with slightly convex sides. 

A minute radial is present in each of the angles between the basals and the 
orals, and in one of these angles a much larger plate—the radianal—has developed 
just to the left of and in the same plane with the radial. 

The orals are peculiar in having the distal angles somewhat produced, broad- 
ened, and flattened. An area having a surface which is approximately a spherical 
triangle reaches from the entire proximal border as a base to an apex which les 
in the median line halfway between the base and the tip, and follows the contour 
of the body. From this portion the lateral regions, which form narrow triangles 
with the apices at the proximal lateral angles, bend outward at a slight angle, 
distally adjoining the narrowly fan-shaped anterior process, of which the apex 
touches the apex of the spherical triangle just described, and the rounded side 
opposite forms the distal border, which is itself slightly bent backward, its plane 
making a slight angle with the plane upon which the spherical triangle rests. 
The basals, therefore, show essentially the same characteristics as those of Hathro- 
metra prolixa, but the angle which the lateral portions make with the depressed 
central portion is not nearly so great, and the tip, instead of being carinate in 
such a way that when the orals are closed the five keels come into mutual contact 
for their entire length, is flattened and elongate fan-shaped. 

No. 10: Dredged on June 16, 1902, in 385 meters. 

A badly broken specimen in the stage just before the appearance of the 
radial structures. 

No. 11 (fig. 890, p. 533) : Dredged on February 7, 1903, at a depth of 350 meters. 

Total length (distal portion of column missing), 2 mm.; length of crown, 
0.38 mm. 

There are 10 columnals in the remaining portion of the column. 

Rounded infrabasals appear to be present. 

The basals form a deep cup slightly broader than long. 

A small rounded plate—the radianal—is present in one of the angles between 
the basals and orals, situated just to the left of the plane dividing them. 

In their proximal half the lateral borders of the orals are parallel; in the 
distal half they converge to the broadly rounded tip; the lateral borders are 
turned outward, and the distal apex is slightly produced. 

No. 12 (fig. 891, p. 533) : Dredged on February 15, 1903, at a depth of 400 meters 

Total length (distal portion of column missing), 2.2 mm.; length of crown, 
0.6 mm. 

There are nine columnals remaining, of which the first four are short and dis- 
coidal and the following rapidly become elongated, so that the ninth is about 
four times as long as broad. 

Infrabasals appear to be present. 

The basals form a broad well-rounded cup, which is much broader than hich. 

The radials are small, but well defined, rhombic plates lying in the angles 
between the basals and the orals. 
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Figs. 895-909.—PENTACRINOID LARVA) OF PROMACHOCRINUS KERGUELENSIS (DRAWINGS BY AUTHOR). 895. 
SPECIMEN DESCRIBED AS No. 17. 896. INFRABASALS AND TOPMOST COLUMNALS OF SPECIMEN DESCRIBED 
AS No. 18. 897. TWO BASALS, THREE INFRABASALS, AND TOPMOST COLUMNALS OF SPECIMPN DESCRIBED 
Aas No. 18. 898, TWO BASALS AND TWO INFRABASALS OF SPECIMEN DESCRIBED AS No, 18. 899. TERMI- 
NAL STEM PLATH AND ADJOINING COLUMNALS OF SPECIMEN DESCRIBED AS No. 19, 900, TopMosT 
COLUMNALS OF SAME SPECIMEN. 901. FULLY DEVELOPED COLUMNALS OF SAME SPECIMEN. 902. AN- 
OTHER VIEW OF TERMINAL STEM PLATE OF SAME SPECIMEN, 903. SPHCIMEN DESCRIRED AS NO, 20, 
904. SPECIMEN DESCRIBED AS No. 21. 905. TERMINAL STEM PLATH OF SAME SPECIMEN. 906. FULLY 
DEVELOPED COLUMNALS OF SAME SPECIMEN. 907. SPECIMHN DESCRIBED AS NO, 22, 908, SPECIMEN 
DESCRIBED AS No. 23, 909, SPECIMEN DESCRIBED AS No. 24. 
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Just to the left of the smallest radial is the much larger oval radianal, to 
make room for which the right distal angle of the posterior basal is cut away. 
Distally and to the left the radianal overlaps the right proximal angle of the 
posterior oral. 

The orals are rather broad, their sides converging rather rapidly in the 
distal half to the rounded apex. A triangular area extending from a point about 
two-thirds of the distance from the base to the tip in the median line as an apex 
to the two proximal angles, so that the proximal border serves as a base, is de- 
pressed. The portion anterior to this region is exteriorly broadly concave; the 
lateral portion of the orals is turned outward. Thus the orals of this specimen, 
instead of being of the form most characteristic of this species (as illustrated in 
Nos. 6, 7, 8, 9, and 11) tend to approach the form characteristic of the orals of 
Hathrometra prolixa, 

No. 13 (fig. 892, p. 533) : Dredged on December 26, 1902, at a depth of 385 meters. 

One specimen resembling the preceding but with the orals, though much 
broader, essentially like those of No. 2. 

No. 14 (fig. 893, p. 533): Dredged on January 12, 1903, in 380 meters. 

Total length (distal portion of column missing), 1.8 mm.; length of crown, 
0.4 mm. 

The fragment of the column attached to the crown consists of 7 segments. 

There appear to be five infrabasals of considerable size. 

The basals form a cup with slightly convex sides which is half again as broad 
as high. 

The minute beginnings of radials have appeared in the angles between the 
basals and the orals; to the left of one of the radials is the larger radianal. 

The orals are rather broad; their sides are approximately parallel in the 
proximal half, in the distal half curving broadly inward and converging to a 
rounded apex. A triangular portion reaching from the proximal border to the 
middle of the median line is more or less flattened and depressed; the distal por- 
tion, including the tip and forming a rhombic area the proximal angle of which 
coincides with the distal apex of the proximal triangle, is also flattened; the lateral 
portions not included in these two areas are bent outward (backward). 

No. 15: Dredged on December 26, 1902, at a depth of 385 meters. 

Total length, 7.8 mm.; length of crown, 0.7 mm. 

The column consists of 26 columnals and a terminal stem plate. The first 
three columnals are short and discoidal, with an evenly and sharply rounded 
lateral profile. The fourth is half again as broad as long, with a narrow pro- 
jecting girdle just under the proximal border. The following rapidly increase in 
length to the eighth, which is about three times as long as broad, and the thir- 
teenth-sixteenth, which are about five times as long as broad. The remainder 
gradually decrease in length. A narrow median girdle is evident on all the seg- 
ments; on the earlier it projects beyond the general surface and is very conspicuous, 
but after the eighth it becomes inconspicuous. Except for the proximal, the 
columnals are regularly cylindrical without expanded ends. 

The terminal stem plate is slightly lobate. 
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There appear to be five rather large infrabasals. 

The basals form a broad cup, which is rather more than half again as broad 
as high, with almost straight sides. 

The radials are rhombic plates of medium size, covering the angles between 
the basals and the orals. 

Just to the left of one of the radials, in a space formed by the excavation 
of the right distal angle of the posterior basal, the right proximal angle of the 
posterior oral, and the left side of the radial, lies the oval radianal. 

The sides of the orals, which are not so large as the basals, converge slightly 
in the proximal half, and more rapidly in the distal half; a triangular area 
extending from the proximal border as a base to a point on the median line midway 
between the base and the tip as an apex is depressed; the tip, which projects 
somewhat, is flattened; the sides are bent backward (outward). 

No. 16 (fig. 894, p. 538): Dredged on April 14, 1902, in 385 meters. 

Total length (distal portion of column missing), 1.7 mm.; length of calyx, 
0.8 mm. 

The fragment of the column attached to the calyx consists of 10 columnals, 
of which the first is short and discoidal, the following increase in length to the 
fourth, which is slightly broader than long, the fifth, which is slightly longer than 
broad, and the sixth, which is twice as long as broad; and the last four are about 
half again as long as broad. 

There appear to be five infrabasals of moderate size. 

The basals form a long cup with almost straight sides which is about half 
again as broad distally as long. 

The radials are roundedly rhombic plates of considerable size. 

Just to the left of one of the radials is an oval plate of similar size—the 
radianal—situated well beyond the line of division between the posterior and the 
right posterior basals and orals, over which the adjacent radial les, and notice- 
able on account of its very fine reticulation. The right-hand portion of the distal 
edge of the posterior basal is cut away for its reception. 

The orals are of about the same length as the basals, approximately long- 
triangular in outline, tapering to a rounded tip armed with prominent spines. 
The proximal portion, comprising a triangular area extending from a point 
which lies between one-third and one-half of the distance between the base and 
the tip as an apex to the two proximal lateral angles, is flattened; a rhombic area, 
including the tip and reaching proximally nearly to the apex of the triangular 
area just mentioned, is also flattened. The long-triangular areas bounded 
inwardly by these areas are bent outward and backward. 

No. 17 (fig. 895, p. 588): Dredged on November 9, 1902, in 385 meters. 

Total length (distal portion of column missing), 5 mm.; length of calyx, 
0.7 mm. 

The portion of the column remaining consists of 16 columnals, of which the 
first five are very short and discoidal, though of gradually increasing length, more 
than twice as broad as long, with a prominent projecting girdle, and the follow- 
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Fics. 910-919.—PENTACRINOID LARV#® OF PROMACHOCRINUS KERGUELENSIS (DRAWINGS BY AUTHOR). 910. 


SPECIMEN DESCRIBED AS NO. 25. 911. FULLY DEVELOPED COLUMNALS FROM SAMB SPECIMEN. 912. 
TERMINAL STHM PLATE AND ALJOINING COLUMNALS OF SAME SPECIMEN. 918. RADIANAL AND ADJACENT 
PLATES OF SPECIMEN DESCRIBED AS No, 26. 914. SPECIMEN DESCRIBED AS No. 27. 915. SPECIMEN 
DESCRIBED AS NO. 28. 916. SPECIMEN DESCRIBED aS No. 29. 917. SPECIMEN DESCRIBED AS No. 30. 
918. FULLY DEVELOPED COLUMNALS FROM SAME SPECIMBN. 919. TERMINAL STEM PLATE OF SAMB 
SPECIMEN. 
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ing increase rapidly to the tenth and following, which are six times as long as 
broad. The median narrow girdle is distinct in all, but projects only in the first six. 

Five large infrabasals are clearly present. 

The basals form a broad cup which is more than half again as broad as high. 

The five radials, rhombic or triangular plates of considerable size, are present, 
and in some cases a IBr, is present beyond them. 

The oval radianal, conspicuous as usual by its fine reticulation, is not much 
smaller than the radial to the right of it; the left side of this radial is cut away 
beyond a line running from the left side of the base of the IBr, obliquely (to 
the right) downward to the interbasal suture. The right distal margin of the 
posterior basal is also slightly cut away. The radianal extends from the line of 
contact between the posterior and right posterior basals and orals as far as a 
point about three-fourths of the distance between the distal right-hand angle 
and the median apex of the posterior basal. 

The orals, which are unusually long and narrow, are slightly longer than the 
basals; they are of the usual shape. 

No. 18 (figs. 896-898, p. 5388): Dredged on December 19-23, 1902, at a depth 
of 385 meters. 

This specimen was treated with caustic potash to determine the presence of 
infrabasals, which were found to be rounded in outline when viewed from the 
exterior of the calyx and triangular in outline when viewed from the interior. 

No. 19 (figs. 899-902, p. 538) : Dredged on February 7, 1903, in 350 meters. 

A column without the crown, about 5.5 mm. long. 

This column consists of 22 segments, of which the first four are short and 
discoidal, the fifth and sixth are twice as long as broad, the ninth-seventeenth 
are between five and six times as long as broad, and the distal become shorter 
again. In all the median girdle can be made out, though in the terminal it 
becomes very inconspicuous. 

The terminal stem plate is much broken, but it appears to have been deeply 
lobate. 

Attached to the proximal portion of the column are portions of the basals 
and five small rounded infrabasals. 

No. 20 (fig. 903, p. 538): Dredged on July 31, 1902, at a depth of 385 meters. 

A crown with the proximal portion of the column. 

This specimen closely resembles No. 28, but the radials are only about half 
as long, though just in apposition laterally, and the orals are more pointed distally. 

The IBr, and IBr, are present. 

No. 21 (figs. 904-906, p. 538): Dredged on June 25, 1902, in 885 meters. 

There are 28 columnals. 

The basal cup is low and very broad. 

The radials are large and rhombic, almost in contact by their lateral angles. 

The left side of the right posterior radial, beyond a line extending from the 
left-hand base of the IBr, to a point about midway between the central apex 
and the right-hand border of the posterior basal, is occupied by the oval radianal. 

Beyond the IBr, about four brachials are present. 
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The borders of the terminal stem plate are produced into five long digitiform 
processes. 

No. 22 (fig. 907, p. 538): Dredged on September 1, 1902, in 385 meters. 

Total length, approximately 22 mm. 

There are 40 columnals. 

The borders of the terminal stem plate are produced into five long digitiform 
processes. 

The radials, which are very broadly in contact laterally and have an almost 
straight horizontal distal border, are about as long in the midradial line as the 
interbasal sutures. 

The orals are short and broad. 

No. 23 (fig. 908, p. 538) : Dredged on January 28, 1903, at a depth of 350 meters. 

Total length (distal portion of column missing), 4.3 mm.; length of calyx, 
0.7 mm. 

The portion of the column which is attached to the calyx consists of 14 
columnals, of which the first 6 are very short and the following rapidly increase 
in length, so that the twelfth and following are more than six times as long as 
broad. A median girdle is evident on all, and on the first six projects beyond the 
general surface. The elongated segments are cylindrical without a central con- 
struction or enlarged ends. 

The basals form a broad strongly rounded cup which is half again as broad 
across its distal margin as high. 

The radials are rhombic, broader than long, in contact by their lateral angles 
except in the posterior interradius. 

There appear to be five infrabasals. 

The radianal occupies its original position, in that its center is practically 
on the same level as the center of the adjacent radial. This radial (the right 
posterior) has the left side cut away beyond a concave line running from the left 
side of the base of the IBr, to the middle of the right distal border of the posterior 
basal. 

The IBr, and IBr, are developed, but there are as yet no brachials. 

The orals are large, with the proximal triangular flattened area, the distal 
rhombic more or less flattened area, and the everted lateral regions as previously 
described. Their tips, which are spinous, extend considerably beyond the distal 
borders of the IBr,. 

No. 24 (fig. 909, p. 538) : Dredged on July 31, 1902, in 385 meters. 

This specimen in all essentials resembles the preceding. The IBr, and IBr, 
are present; the radials have not quite come into lateral contact; the excision of 
the left side of the right posterior radial for the et i of the radianal is 
not quite so extensive as in the preceding. 

No. 25 (figs. 910-912, p. 541) : Dredged on April 17, 1902, in 385 meters. 

Total length, 9.4 mm.; length of calyx, about 0.8 mm. 

The column consists of 28 columnals and the terminal stem plate. The first 
six columnals-are short and discoidal, the following rapidly increasing in length 
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to the eleventh, which is twice as long as broad, and the seventeenth, which is 
about six times as long as broad. The last four gradually decrease in length, so 
that the one just preceding the terminal stem plate is not quite twice as long as 
broad. The elongated columnals are cylindrical, with only a slight suggestion 
of enlargement of the ends. 

The terminal stem plate, attached to the stem of a hydroid, consists of four 
prominent well-rounded lobes of different sizes. 

Between the bases of the basals are small triangular processes, which are 
‘probably the distal angles of the infrabasals. 

The basals are large and broad, the distal diameter of the basal cup being 
nearly twice as great as its height. 

The radials are rhombic, broad, almost in contact laterally. 

The prominent oval radianal rests on the right distal border of the posterior 
basal. Its right-hand edge is directly beneath the left lower corner of the IBr,, 
and its left-hand edge is almost directly over the distal angle of the posterior 
basal. For its reception the left side of the right posterior radial is cut away 
beyond a strongly concave line from just beneath the lower left-hand corner of 
the IBr, to the middle of the right distal face of the posterior basal. 

The IBr, and IBr, and rudiments of the first brachials are present. 

The orals are very large, with their characteristic shape much accentuated. 

No. 26 (fig. 918, p. 541) : Dredged on August 12, 1902, in 385 meters. 

The crown is about 1.5 mm. in length. 

The radials have not as yet come into lateral contact, being separated by a 
space from one-half to quite as wide as the base of the IBr,. 

The left side of the right posterior radial is cut away beyond a concave line 
from the left-hand base of the IBr, to about the middle of the right distal border 
of the posterior basal. 

The oval radianal lies in the area formed by the cutting away of the left 
side of the right posterior radial, and extends as far as the line parallel with the 
dorsoventral axis which passes through the apex of the posterior basal. 

No. 27 (fig. 914, p. 541) : Dredged on February 8, 1903, in 350 meters. 

The portion of the column attached to the calyx consists of seven columnals, 
of which the first is very thin and discoidal; the second is thicker and lenticular; 
the third and fourth similar, but progressively thicker; the fifth cylindrical, twice 
as broad as long, with a broad, rough, raised girdle about its proximal half; the 
sixth half again as long as broad, with a similar girdle just proximal to the middle; 
and the seventh is twice as long as broad with a median girdle. 

The radials are just in contact laterally by the tips of their lateral angles. 

The radianal, which is thickened and lenticular, has been shoved outward 
by the growth of the lower left side of the right posterior radial until it has 
come to lie just to the right of and above the apex of the posterior basal. 

There are four brachials present. The IBr, and the brachials are bordered 
with large filmy covering plates. 

The orals are scoop shaped, deeply depressed in the middle. Their tips are 
on a level with the distal borders of the IBr.. 
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Figs, 920-928.—PENTACRINOID LARVH OF PROMACHOCRINUS KERGUELENSIS (DRAWINGS BY AUTHOR). 920. 


SPECIMEN DESCRIBED AS No. 31. 921. RADIANAL AND ADJACENT PLATES OF SPECIMEN DESCRIBED AS 
No. 32. 922. SPECIMEN DESCRIBED AS No. 33, 923. FULLY DEVELOPED COLUMNALS OF SAME SPECIMEN. 
924. SPECIMEN DESCRIBED AS No, 34. 925. SPECIMEN DESCRIBED AS No. 35. 926. SPECIMEN DBE- 
SCRIBED AS No. 36, 927. SPECIMEN DESCRIBED AS No. 38. 928. 23nD—-27TH COLUMNALS OF SAME 
SPECIMEN. 
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No. 28 (fig. 915, p. 541): Dredged on February 7-8, 1908, at a depth of 350 
meters. 

Total length (distal portion of column missing), about 5 mm.; length of crown, 
about 1 mm. 

The fragment of the column attached to the calyx consists of 19 columnals. 

There are five large rounded infrabasals. 

The radials are just in lateral contact. 

The radianal occupies an area formed by the cutting away of the left side of 
the right posterior radial beyond a concave line from the left-hand proximal 
angle of the IBr, to the middle of the right distal border of the posterior basal. 

The IBr, and IBr, are present. 

No. 29 (fig. 916, p. 541) : Dredged on January 12, 1903, in 380 meters. 

There are seven short discoidal columnals at the top of the stem. 

The radials are not yet quite in lateral contact. 

The radianal is still almost in contact with the right distal border of the pos- 
terior basal, the right posterior radial not having become extended beneath it. 

The first brachials are just forming. 

No. 30 (figs. 917-919, p. 541) : Dredged on April 10, 1902, in 385 meters. 

The length of the crown is 1 mm. 

There are 22 columnals and a lobate terminal stem plate. 

The radials are broadly in contact laterally, but the distal edge of the radial 
circlet is deeply concave between the bases of the IBr,. The left proximal border 
of the right posterior radial has become extended so that it occupies nearly two- 
thirds of the length of the right distal border of the posterior basal. 

The first brachials are present. 

No. 31 (fig. 920, p. 545) : Dredged on November 9, 1902, at a depth of 385 meters. 

Total length (distal portion of column missing), 3.2 mm; length of crown, 
1 mm. 

There are 12 columnals in the fragment of the stem attached to the calyx. 

The radials are narrowly in contact by their lateral angles. The left side of 
the right posterior radial is cut away beyond a concave line from the left proximal 
angle of the IBr, to the middle of the right distal edge of the posterior basal. 

The radianal is situated over the left half of the right distal edge of the 
posterior basal, its left-hand border just touching the dorsoventral plane passing 
through the distal angle of the basal. 

The IBr, and IBr,, the first brachials, and the rudiments of the second 
brachials are present. 

No. 32 (fig. 921, p. 545) : Dredged on June 25, 1902, in 385 meters. 

The radianal occupies a relatively narrow region between the two posterior 
radials and lies almost directly over the distal apex of the posterior basal. 

No. 33 (figs. 922, 923, p. 545) : Dredged on February 8, 1903, in 350 meters. 

The length of the crown is about 1 mm. 

There are 22 columnals and a terminal stem plate. The longest columnals 
are somewhat over eight times as long as broad, with a median girdle. 
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The radials are just in contact laterally. 

The radianal, though still large and conspicuous, has been shoved upward 
and outward through the growth of the lower left-hand corner of the right pos- 
terior radial outward along the distal right side of the posterior basal nearly 
to the apex. 

The IBr,, IBr,, first brachials, and rudiments of the second brachials are 
present. 

Delicate, irregular, cribiform films along the sides of the IBr, and IBr, and 
of the first brachials, increasing in size to those bordering the last named, are 
the beginnings of covering plates. 

There is a pair of sacculi at the base of the IBr,, another at the base of the 
first brachials, and a third at the base of the second brachials. 

No. 34 (fig. 924, p. 545) : Dredged on November 9, 1902, in 385 meters. 

Total length (distal portion of column missing), about 5 mm.; length of 
crown, about 0.6 mm. 

The basals are only very slightly convex and collectively form a very broad 
cup which is rather more than twice as broad distally as high. 

The radials, which are about as long as the basals, are broadly in contact 
laterally. The distal border of the radial circlet shows deep, regularly rounded 
concavities between the bases of the IBr,. 

The radianal, apparently much reduced in size, lies over the suture between 
the two posterior basals; the left side of the right posterior basal has become 
almost symmetrical with the right. 

The IBr,, which are about as long as the radials, are present, but beyond 
their distal border the arms have been lost. 

The orals, the tips of which extend for some distance beyond the distal ends 
of the IBr,, are of the usual shape. 

No. 35 (fig. 925, p. 545): Dredged on September 1, 1902, in 385 meters. 

A specimen resembling the preceding in all essentials. 

No. 36 (fig. 926, p. 545) : Dredged on January 12, 1903, at a depth of 380 meters. 

Total length, about 10 mm.; length of crown, about 2.6 mm. 

The stem is composed of 32 columnals and a terminal stem plate. The 
proximal columnal is elongated, about twice as broad as long, but as yet shows 
no evidence of broadening. 

The terminal stem plate, attached to the stem of a hydroid colony, is very 
deeply stellate, so much so that it bears a striking resemblance to a specimen 
of Henricia sanguinolenta. 

The radials are in contact laterally for a distance equal to about half that 
of the apposed borders of the basals. The posterior radials have just come into 
contact beneath the radianal. 

There are eight or nine brachials present. 

No. 37: Dredged on December 31, 1902, in 385 meters. 

There are 26 columnals and a terminal stem plate, which, as in the preceding, 
is produced into five long, slender, fingerlike processes. 
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The radials, which are about half again as broad as the median length, are 
united for a distance about equal to two-thirds of that of the apposed sides of 
the basals. 

The radianal is entirely excluded from the radial circlet. 

There are about five brachials. 

No. 38 (figs. 927, 928, p. 545): Dredged on June 25, 1902, in 385 meters. 

The crown is about 3 mm. long. 

There are 29 columnals, the distal portion of the stem being lost. The top- 
most columnal has become slightly thicker than those following and has broadened, 
the addition of new material being mainly in the interradial regions, which are 
also thickened more than the radial regions, so that in end view it would appear 
as a pentagon with broadly rounded angles. This seems to be in preparation 
for the formation of the five plates described in connection with the oldest, penta- 
crinoid (No. 43). The next five segments, which are thin and discoidal, gradually 
decrease in diameter; the next is slightly over twice as broad as long; the follow- 
ing half again as long as broad; and the succeeding twice as long as broad. The 
articulation between the two last and between all those following is of the bour- 
gueticrinoid type, the long axes of the ellipses on the two ends of each columnal 
crossing each other at right angles. The earlier elongated columnals have flat- 
tened ends, so that they appear as long trapezoids in lateral view, but the later 
gradually increase in diameter toward each end. The columnals increase in length 
to the twenty-third and following, which are between four and five times as long 
as broad; the last four or five in the column as preserved decrease again. 

The basals form a relatively low ring. 

The radials form a ring which is about the same height as that formed by 
the basals. Their lateral edges, by which they are in contact with each other, are 
about as long as those of the basals. Their distal borders are gently concave 
for the reception of the bases of the IBr,, which occupy one-half of the total 
length, and their distal lateral angles are somewhat produced and broadly rounded. 

The radianal, which has not undergone appreciable reduction in size, is situ- 
ated on the distal border of the radial ring. It adjoins the left side of the base 
of the right posterior radial, reaching thence to just beyond the posterior inter- 
radial suture. 

There are no traces of interradials. 

The arms consist of about 12 brachials, each with a pair of sacculi and large 
covering plates. 

No resorption of the orals appears to have taken place, but they are relatively 
much smaller than previously, and their bases are separated from the distal 
borders of the radials by a considerable area of naked perisome. 

No. 89 (figs. 929, 930, p. 549) : Dredged on December 31, 1902, in 385 meters. 

The proximal portion of a column, showing the interradial enlargement of 
the proximal columnal. 

No. 40 (figs. 931-933, p. 549): Dredged on September 1, 1902, in 385 meters. 
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Fics. 929-941.—PBNTACRINOID LARVS OF VARIOUS COMATULIDS. 929. PROMACHOCRINUS KERGUELENSIS, 


TOPMOST COLUMNALS OF SPECIMEN DESCRIBED AS NO. 39. 930. FULLY DBYHLOPED COLUMNALS OF SAME 
SPECIMEN. 981. PROMACHOCRINUS KERGUELENSIS, FIRST APPHARANCE OF AN INTERRADIAL IN SPECIMBPN 
pescrinep AS No. 40. 932. SAME SPECIMEN, ANOTHER \UNTPRRADIAL. 933. SAMB SPECIMEN, POS 
THRIOR INTERRADIAL. 934. PROMACHOCRINUS KERGUSLENSIS, SPECIMEN DESCRIBED AS No. 41, SHOWING 
WELL DEVELOPED INTERRADIAL FOLLOWED BY TWO PLATES. 935. SAMB SPECIMEN, SHOWING ANOTHER 
INTPRRADIUS. 936. SAME SPECIMEN, SHOWING TWO INTERRADIALS SIDE BY SIDB. 937. PROMACHO- 
CRINUS KERGUELENSIS, SPECIMEN DESCRIBED AS No. 42. 938, ANTHOMETRA ADRIANI, POSTERIOR INTER- 
RADIUS. 939. PTILOMETRA MULLPRI, DRIED PBNTACRINOID 41MM. LONG. (ALL PRECEDING DRAWINGS BY 
AUTHOR). 940. HATHROMETRA PROLIXA. 941, COMACTINIA MPRIDIONALIS, SHOWING INTERRADIAL. 
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The column consists of 40 segments, of which the first six are short and 
discoidal, and a terminal stem plate. The terminal stem plate is in the form 
of five long digitiform processes and resembles an Henricia sanguinolenta. 

The radials are nearly of the same height as the basals, and the radial ring 
is peculiar in that its distal border, as the calyx is viewed from the side, is prac- 
tically a straight line. 

The radianal is entirely excluded from the radial circlet and les above and 
mostly to the right of the posterior interradial suture. The right posterior radial 
is now symmetrical, but in the posterior interradius the distal border of the radial 
circlet, instead of being a straight line as in the other interradii, forms an obtuse 
angle. 

Between the posterior radials there is a very narrow plate which, arising 
from the narrowly truncated distal apex of the posterior basal, entirely separates 
them. 

In another interradial area a narrow wedge-shaped plate, arising similarly 
from the blunted distal apex of the basal, extends distally between the radials 
for about two-thirds of the distance to the distal border of the radial circlet. 

In a third interradial area a circular inclusion over about the median third 
of the interradial suture shows the beginning of another interradial. 

These interradials, growing very rapidly, come eventually to form the so-called 
interradial radials, from which division series arise which are indistinguishable 
from those on the radial (primary) radials. 

There are 7 brachials, each with a pair of sacculi and large covering plates. 

No. 41 (figs. 934-936, p. 549): Dredged on January 30, 1903, in 380 meters. 

The first 12 columnals (which are all that remain) are very short and discoidal. 
The first two are very closely united. The topmost is rather longer than those 
following and bears narrow processes extending into the bases of the basals. 

The radials are about as long in the median line as the interbasal sutures. 
The bases of the IBr, occupy almost their entire distal border. 

In one interradial area the radials are separated by two interradials, side 
by side, similar in size and shape, the two together being about equivalent to 
a normal single interradial. 

In the other four interradii the radials are separated by interradials which 
are about two-thirds as broad and about two-thirds as long as the adjacent radials, 
resting upon the broadly truncated and slightly concave distal angles of the basals. 

These interradials bear on the middle third of their distal margin inter- 
radial IBr, which exactly resemble the radial (primary) IBr, of corresponding 
size. From their size and shape it is probable that these interradial IBr, were 
followed by interradial IBr, which have been broken off. 

The radianal, easily distinguished from the other plates by its much finer 
structure, is evidently undergoing resorption, as it has become narrow and leaflike, 
and a small calcareous plate just beyond its distal border appears to be a portion 
which has become separated from the main mass. 

There were probably six or eight brachials following the radial IBr series. 
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No. 42 (fig. 937, p. 549) : Dredged on November 9, 1902, at a depth of 385 meters. 

Total length, 25 mm. 

There are 53 columnals and a terminal stem plate. 

The 10 proximal columnals are very short and discoidal; the longest are 
about six times as long as broad, with slightly enlarged ends. 

The terminal stem plate is rounded, with two blunt digitiform processes. 

There is as yet no trace of the formation of the centrodorsal. The middle 
of the proximal border of each basal, which overhangs the proximal columnals, 
shows a prominent notch. 

Between the radials, which have become relatively narrow and are now no 
wider than the IBr, which they bear, are large and prominent interradials which 
are about two-thirds as long and about two-thirds as broad as the radials on either 
side of them and rest upon the broadly truncated distal angles of the basals. 

The radianal, reduced in size, is entirely excluded from the radial circlet and 
lies just beyond the posterior interradial, in contact with rather more than the 
right half of its distal border, and in contact with the left-hand border of the 
IBr, borne by the right posterior radial. 

The IBr, are more or less squarish in shape, and of the same width as the 
radials which bear them. The Br, are shield shaped, distally as broad as the IBr,. 

There were probably four or five brachials beyond the IBr,. 

No. 43: Dredged on June 14, 1902, in 180 fathoms. 

Total length (distal portion of column missing), 65 mm.; length of crown, 
12.5 mm, 

As preserved the column, with the centrodorsal, consists of 65 segments. 

The centrodorsal is rounded conical, as in fully grown specimens, with the 
tip truncated, and about as high as broad. It bears three irregular rows of large 
cirrus sockets, of which the lowest are radial in position, the middle interradial, 
and the proximal, nearest the periphery of the centrodorsal, again radial. 

The columnal immediately beneath the centrodorsal is discoidal, seven or eight 
times as broad as long, with the sides as seen in profile sloping inward and down- 
ward. Its diameter is slightly greater than that of the centrodorsal at its base 
and apparently at least twice as great as that of the truncated tip. 

On its proximal side it bears about the periphery five conspicuous triangular 
plates which are just in contact laterally, and proximally extend upward between 
the bases of the lowest cirri, reaching a height equal to nearly or quite twice the 
length of the underlying columnal. The texture of these plates and of the under- 
lying columnal is very coarse, much coarser than that of any of the elements of 
the crown. The inner surface, which is very uneven, slopes inward and down- 
ward, but how far they extend inward it is impossible to determine. As these 
plates arise from the outer edge of the columnal bearing them and lean slightly 
outward, they extend very considerably beyond the converging sides of the distal 
portion of the centrodorsal, so that the latter is seen to rest upon the central 
portion of a rosette formed of five wedges triangular in section, tapering inwardly, 
and placed side by side. 
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These five plates, if they are in reality as they appear five separate units, 
probably have resulted from the unequal and exclusively interradial growth of 
the outer portions of the columnal immediately following the centrodorsal. 

The columnal following that beneath the five plates just described is dis- 
coidal, about two-thirds of its diameter and about two-thirds of its length, with 
the sides slightly converging distally. The next is similar and of the same length, 
but very slightly less in diameter and with parallel sides. The following is about 
twice as long, and the next, to which it appears to be united by a bourgeticrinoid 
articulation instead of by more or less uniformly distributed ligaments, longer 
still. From this point onward the length of the columnals slowly increases, the 
twenty-fifth and following being between three and three and one-half times as 
long as broad. In the outer half of the column as preserved the ends of the 
segments become rather prominent and the lateral profile evenly concave. 

There are 15 cirri present; the longest of these—those of the middle inter- 
radial row, reach to the base of the seventh brachial and are composed of 14 
or 15 segments, of which the first is twice as broad as long, the second is slightly 
broader than long, the third is nearly twice as long as broad, the next two are 
slightly over twice as long as broad, and the remainder are about half again 
as long as broad as the base. In the second-fifth segments the outer portion 
increases slightly in diameter in lateral view, and the distal dorsal border is 
armed with numerous prominent spines. Beyond this point the segments become 
more compressed laterally, and the increase in diameter in lateral view is uniform 
from the base to the distal end, which dorsally is armed with prominent spines. 
On the antepenultimate segment there is a fine serrate middorsal carination, and 
on the last a small sharp terminal opposing spine. The terminal claw is slender, 
moderately curved, and slightly longer than the segment which bears it. 

The radial cirri about the tip of the centrodorsal, alternating with the five 
plates, which are the oldest, reach to the base of the third brachial and consist 
of 12 segments. They resemble those just described. 

The interradial peripheral cirri, which are the youngest, are as yet rudi- 
mentary, and do not quite reach the distal border of the IBr,. 

The basals form a complete, though low, ring about the calyx. Beneath the 
convex proximal border of the radial radials the lateral portions of the basals are 
very narrow; interradially, where their distal angles are broadly truncated by the 
proximal borders of the interradial radials, they are about twice as high. 

The radial radials have almost attained the perfected form, though the 
articular face is still rather narrow, falling considerably short of reaching the 
lateral borders. Their distal edges bear numerous rather short conical spines 
arranged in a narrow band. 

The interradial radials, of which the distal ends are at the same height as 
those of the radial radials, are only about half as broad as the latter, and reach 
proximally for only about two-thirds of the distance, where they abut against 
the truncated distal angles of the basals. 

The radial arms are very long and well developed. All of them have lost 
the tips. The longest consists of 22 brachials; when perfect it probably had 
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about 30. Except for being much elongated, the brachials have attained approxi- 
mately the perfected form. The dorsal surface of the first 8 or 10 brachials is 
thickly beset with fine spines, and the distal border is armed with much longer 
spines. This latter character persists and becomes accentuated distally. The 
syzygies are distinguishable from the muscular articulations, but the brachials 
on either side of them have not become appreciably shortened. Very large and 
conspicuous rounded covering plates, between which are the large and conspicuous 
dark brown sacculi, border the ambulacral grooves on either side. There are five 
sacculi and covering plates for each three brachials. 

Long and slender pinnules are developed from the twelfth or thirteenth 
brachials onward, and the pinnule on the second brachial (P,) is present. The 
pinnules do not differ essentially from those of the adult. but the component 
segments are much more elongated. The third-fifth segments bear seven very 
large and conspicuous covering plates, which considerably exceed in height the 
lateral diameter of the segments bearing them. Large dark-brown sacculi occur 
between the covering plates. 

The interradial arms are as yet very small and rudimentary, with the tips 
turned inward. They reach only to the distal border of the first brachial. 

The character of the disk can not be made out, as it is hidden by the arms; 
but orals appear still to be present. 

The essential features in the development of the pentacrinoids of Promacho- 
erinus kerguelensis may be summarized as follows: 

Column.—Broadly speaking, the column is similar to that of the species 
of Hathrometra and Heliometra. It reaches a great length and is composed, when 
fully grown, of more than 65 segments, of which a usually considerable but very 
variable number of the proximal are short and discoidal; but the increase in 
diameter of these toward the calyx is never very marked. 

The interesting feature in regard to the column is the occurrence just beneath 
the centrodorsal of either a rosette of five wedge-shaped plates or a single plate 
sharply divided into five sections, in the middle of which the tapered point of 
the centrodorsal rests. The right rounded outer ends of these plates or sections of 
a plate are interradial in position. 

Notches in the middle of the proximal borders of the basals in many speci- 
mens in which the centrodorsal has not as yet developed, which are evidently 
to accommodate the interradial processes just described and which indicate that 
the columnal immediately beneath the basals is the one which is later found beneath 
the centrodorsal, suggest that the centrodorsal is not formed from the lateral en- 
largement and thickening of the most proximal columnal as in Antedon, but 
that it originates as a very small circular plate, entirely excluded from external 
view, situated between the center of the basal ring and the topmost columnal, 
and that this plate increases in diameter only through the addition of broader 
and broader layers between itself and the basal ring, so that it assumes from the 
first the form of an inverted cone the base of which is applied to the basal ring, 
while the slightly truncated tip rests in the middle of the eolumnal beneath it. 
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The growth of the topmost columnal as seen in this species apparently is not 
the preliminary stage of its transformation into a centrodorsal, but instead indi- 
cates its transformation into a deep cup, within which, concealed from external 
view, the centrodorsal is developed. At a relatively late stage, when the centro- 
dorsal has attained considerable size, the basal ring becomes lifted off of the 
pentalobate cup into which the topmost columnal (as seen in external view) has 
been transformed, and the centrodorsal, hitherto concealed, becomes visible. 

The structure of the centrodorsal as seen in the largest specimen is much finer 
than that of the columnals immediately beneath it, indicating a much slower 
development. It most certainly could not have arisen from a plate resembling 
the preceding columnals. 

The occurrence of a proximale smaller and of less diameter than the preceding 
columnals, which it is necessary to assume in explaining the origin of the centro- 
dorsal in Promachocrinus, is not at all unusual. In recent types such a proximale 
is found, for example, in Rhizocrinus and in Calamocrinus. 

Terminal stem plate-—The terminal stem plate of the pentacrinoid of Proma- 
chocrinus is at first a circular disk. This soon becomes broadly pentalobate, and 
the five lobes gradually extend themselves into five long tapering fingerlike 
processes, so that in its perfected form the terminal stem plate resembles nothing 
so much as a specimen of Henricia sanguinolenta. 

Infrabasals—It is very difficult to determine the presence or absence of infra- 
basals with certainty. There appear, however, to be five of equal size, forming 
a circlet just above the topmost columnal. 

In the earlier stages the lower border of the basal ring shows five rounded 
or more or less pointed notches situated on the interbasal sutures; these represent 
infrabasals. Later these disappear, and five notches are formed, each of which 
occupies the middle of the lower border of a basal. These notches accommodate 
the processes arising from the distal growth of the interradial portions of the 
topmost columnal. 

Basals—The basal cup in Promachocrinus is at first noticeable on account of 
its height and narrowness, being about as long as broad distally. It subsequently 
expands very rapidly, and in the later stages it becomes unusually broad. 

Radianal.—The radianal seems to be the first of the radially situated plates 
to put in an appearance, and from the evidence at hand we are justified in assum- 
ing that it is of considerable size at the time the right posterior radial is first 
formed. 

At first these two plates lie side by side at exactly the same level, the radianal, 
which is situated on the right-hand end of the very narrow perisomic strip separat- 
ing the posterior oral from the posterior basal, being accommodated by the cutting 
away of the distal right-hand corner of the latter. 

The radianal increases in size very slowly and always shows a much finer 
structure than the other plates. 

The right posterior radial, growing much more rapidly than the radianal, 
is at first only able to develop on its right side, the development of the left side 
being prevented by the presence of the radianal. 
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At about the stage when the radianal and the right posterior radial are equal 
in size (two similar plates situated side by side, one, of coarser structure, situated 
on the line of division between the basals and the orals, the other, of finer struc- 
ture, lying just to the left of it) the radianal begins to migrate to the left. At 
the same time, as a result of the growth of the radials, the distal lateral angles 
of the basals become more and more broadly cut away until the basals, instead 
of being bounded distally by a straight edge, are bounded by two distal edges 
which meet in the middle at an obtuse angle. Thus the course taken by the 
radianal in its migration toward the left along the distal border of the posterior 
basal, at first horizontal, soon becomes diagonally upward toward the apex of 
the basal. Meanwhile the right posterior radial is rapidly increasing in size. As 
a result of the upward, as well as outward, course taken by the radianal, the 
center of the latter remains on the same level with that of the right posterior 
radial (the excision of the latter being bounded by a more or less deeply concave 
line, with the chord more or less vertical) until the left side of the radianal touches 
or extends slightly beyond the dorsoventral plane, passing through the apex of the 
posterior basal—that is to say, until about the time of the formation of the first 
brachials. 

From this time onward the course of the radianal is almost directly upward 
and outward, the proximal left corner of the right posterior radial rapidly 
extending itself along the distal right border of the posterior basal until it reaches 
the median distal apex, where it meets the right side of the left posterior radial 
and completely excludes the radianal from the calyx. 

After its exclusion from the calyx the radianal lies for some time almost 
or quite directly over the posterior interradial suture before it disappears. 

Radials—Beyond the relatively late union of the two posterior radials beneath 
the radianal, the radials of Promachocrinus in their development do not differ from 
those of previously known types. 

Interradials—Interradials have been described in the young of Antedon bifida 
and of Comactinia meridionalis, but in these species they are always formed be- 
yond the distal margin of the radial circlet, and are eventually resorbed. 

Similarly in Promachocrinus the interradials do not appear until after the 
eirclet of radials is complete; but in this type they are formed not beyond the 
radials but between them, apparently first on the apices of the basals, thence 
rapidly extending themselves, as very narrow plates, anteriorly until they entirely 
separate the radials. Broadening rapidly, while at the same time the radials 
cease their lateral extension and become relatively narrower, they gradually 
assume all the characters of the true radials, and on the middle of their distal 
border a small plate appears, soon followed by another, and the latter by two 
more side by side, until we recognize the beginnings of the interradial arms. 

These interradial arms, which first appear before the formation of the centro- 
dorsal and the disintegration of the orals, increase in size very rapidly, but they 
do not attain the size of the radial arms until the animal is almost fully grown. 


An extraordinary fact in regard to this species is that the interradials do 
not always develop, or only the one in the posterior interradius develops, so that a 
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large percentage of the recently detached young have only the 10 radial, or the 
10 radial and 2 (posterior) interradial arms. Since all of the fully grown speci- 
mens recorded have 20 arms, it would appear that these 10 or 12 armed young 
never reach full size. 

Brachials—The brachials do not differ appreciably from those in the young 
of other species. 

Covering plates—Each brachial as soon as it appears is accompanied by a 
pair of large, though thin, covering plates, composed of a large and irregular 
main portion (side plate) and a smaller incompletely differentiated distal portion 
(covering plate proper). 

These covering plates not only accompany all the brachials but are also found 
on either side of the IBr, (axillaries) and even sometimes on either side of the 
IBr,, where, however, they are much reduced in size. 

Pinnules—The first pinnules appear, apparently about the time of the appear- 
ance of the first cirri, on the twelfth or thirteenth brachials, and are soon followed 
by the pinnule on the second brachial. All of the pinnules from their first incep- 
tion resemble more or less closely the perfected form. 

On the distal pinnules the third-fifth segments bear seven very large and 
conspicuous covering plates, which in height considerably exceed the lateral 
diaméter of the plates bearing them. 

Orals—The orals of Promachocrinus are probably at first, as is usually the 
case, spherical triangles. But sometime before the appearance of the radial 
structures the original plan of the orals is suddenly changed, and the extension of 
their free lateral borders takes place at an abrupt angle to the surface of the 
plate as first laid down in such a way that further growth is in planes which 
include the dorsoventral axis of the animal. Each oral thus consists of a spherical 
triangle with abruptly upturned edges gradually tapering to a point at the 
proximal lateral angles, the upturned borders of the two outer sides being sepa- 
rated by a deep and narrow notch, the point of which rests upon the distal apex 
of the original spherical triangle. 

At about the time of the first formation of the radial structures this plan 
of growth changes. The notch between the everted lateral extensions becomes 
filled with a new calcareous reticulation, which, growing more rapidly than the 
lateral extensions, gradually comes to form a produced narrowly rounded tip to 
the oral, this new growth as a whole eventually becoming rhombic in shape, either 
flat or gently concave (as viewed from the exterior), the rounded anterior angle 
of the figure forming the distal angle of the oral, while the proximal sharp angle, 
which rests upon the distal apex of the original primitive oral, represents the 
filling in of the original notch, now greatly increased in size through the con- 
tinued extension of the lateral borders. 

As the same time these lateral borders, originally formed in planes including 
the dorsoventral axis of the animal, have become curved inward in order always 
to maintain the connection with the growing, more or less flattened, distal rhombic 
area, so that now in lateral view their edges are seen to make a broad curve from 
the proximal angle of the basal to the outer angle of the rhombic area. 
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This form of oral, in greater or lesser perfection, is very characteristic of this 
3pecies and persists up to the time of the disappearance of these plates. 

Speaking of the larve of Promachocrinus kerguelensis, which I loaned him 
for study in connection with his work on the Crinoidea Flexibilia, Mr. Frank 
Springer writes that the origin and development of the radianal as shown in 
Comactinia is paralleled in this species. 

The series studied by him begins with the prebrachial stage, in which the 
radials have just appeared as small dots, but, contrary to what is the case in the 
youngest Comactinia, all of them are present, though that of the right posterior 
ray is smaller than the others and much smaller than the radianal to the left of it. 

Mr. Springer thinks it probable, as I have suggested, that the radianal actually 
develops before any of the radials are formed. 

In the succeeding stages the radianal does not increase to the relative size 
to which it attains in Comactinia, but it runs a similar course until it is lifted out 
from the ring of radials by the growth of the anal tube and the interradial spaces 
have been occupied by the interradial radials characteristic of this genus. 


ANTHOMETRA ADRIANI, 
Fig. 935, p. 549. 


Among the numerous pentacrinoids brought home by the Gauss were two 
evidently belonging to Anthometra adriani. The characters of these are as 
follows: 

No. 1: Dredged on September 27, 1902, in 385 meters 

The seven columnals immediately following the calyx are short and discoidal, 
progressively decreasing slightly in diameter distally. The topmost columnal is 
slightly longer than that just below it, to which it is very closely joined. 

Broadly speaking, the calyx and columnals resemble those of Promachocrinus 
kerguelensis at the same developmental stage. In profile the sides of the calyx 
are nearly straight, diverging from the topmost columnal at an angle of somewhat 
less than 90°. 

The basals are large and conspicuous. The left distal side of the posterior 
basal is half again as long as the right distal side. 

The radials, which are broadly in apposition laterally, are about as long in the 
median line as the interbasal sutures. On the distal borders of the radials just 
below the proximal angles of the IBr, on either side there are a few conspicuous 
more or less webbed spines. 

The radianal is unusually long and narrow. From a base extending from 
the proximal left corner of the IBr, on the right posterior radial to halfway 
between the posterior interradial suture and the base of the IBr, on the left pos- 
terior radial it extends diagonally upward, gradually narrowing, to a position just 
over the interradial suture (in the mid-interradial line), where it ends in a blunt, 
rounded point on a level with the distal end of the IBr,. 
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On the distal half of the sides of the IBr, are a number of long webbed spines 
which form broadly rounded spinous lateral extensions of the narrow distal end, 
increasing its width to more than that of the base. 

The lateral angles of the IBr, are more or less spinous. 

All of the brachials have the distal border armed with more or less everted 
and prominent spines, and each bears a pair of sacculi, but no covering plates. 

No pinnules are as yet developed. 

The bases of the orals, which appear to resemble those of Promachocrinus, 
are separated from the distal border of the radial circlet by a broad unplated 
strip of perisome equal in breadth to about half the height of the IBr,. 

No. 2: Dredged on June 25, 1902, at a depth of 385 meters. 

The column consists of 32 columnals, including the centrodorsal, and distally 
carries a portion of the terminal stem plate. 

The centrodorsal is discoidal, four or five times as broad as high and slightly 
swollen in the interradial areas, over which there are small rounded notches in 
the proximal border of each basal. 

The following columnal is nearly as large and about two-thirds as high and 
is similarly swollen interradially. The third and fourth from the calyx are of 
the same size, each about half as high as the centrodorsal, and slightly swollen 
interradially; the next three are short and discoidal, rather abruptly less in 
diameter than the preceding. The following increase rapidly in length to the 
seventeenth-twenty-first, which are the longest, about five times as long as broad, 
then decrease gradually to the one adjoining the terminal stem plate, which is 
about as long as broad. The elongated columnals are of the bourgueticrinoid type 
with swollen ends which become prominent in the distal half. 

Two rudimentary cirri reaching to the lateral angles of the basals and the 
base of a third are present. They are radial in position. 

In profile the sides of the calyx to the distal border of the radial circlet are 
nearly straight, and diverge from the centrodorsal at approximately a right angle. 

The basals are of moderate length and offer no peculiarities. except that in 
the posterior the left distal side is about twice as long as the right. 

The radials are well developed. In the median line they are about as long 
as the interbasal sutures, and the large articular face occupies about three-quarters 
of their distal border. Just below the proximal angles of the IBr, on either side 
conspicuous spines are developed. 

The radianal, which is long and narrow, resembles that described in the other 
specimen. 

The sides of the IBr, converge distally, so that the distal end is about half as 
broad as the proximal; but in the distal half the borders are armed with long 
and prominent more or less webbed spines which are longest at the distal angles; 
including these spines the IBr, are slightly broader distally than proximally, with 
broadly rounded distal angles. 

The IBr, are shield shaped, distally as wide as the distal ends of the IBr,, 
including the spines, proximally converging to a rounded point, with spinous 
lateral angles. 
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There are about 20 brachials, which have prominently spinous distal borders. 
Each brachial bears a pair of sacculi, but there are no covering plates. 

On at least two arms there is a rudimentary pinnule on the fourteenth brachial. 

The orals, which resemble those of Promachocrinus but are more delicate, more 
nearly flat, and much more spinous distally, are separated from the distal border 
of the radial circlet by a naked strip of perisome about equal in width to half the 
length of the IBr,. 

FLOROMETRA SERRATISSIMA. 


During a visit to Puget Sound Dr. Th. Mortensen was so fortunate as to secure 
a considerable series of the pentacrinoids of this species, which he intends to 
describe in the near future. 


HATHROMETRA PROLIXA. 


Figs. 1218, pl. 34; 940, p. 549, and 1227, pl. 37; pl. 56, fig. 1353; and part 1, fig. 409, p. 317, pl. 3, 
fig. 582, 585, 588, pl. 4, figs. 542, 544, and pl. 6, figs. 559-564. 

On the cirri of specimens of Hathrometra prolixa dredged by the Danmark 
off northeastern Greenland, in 304 meters, on July 22, 1908, Dr. Th. Mortensen 
found numerous pentacrinoid larvee representing several developmental stages. 

As a rule, these occurred on about the middle of the longer peripheral cirri, 
sometimes two together; more rarely they were found on the shorter distal cirri. 

The youngest specimen was only 1.4 mm. long, the length of the column 
being 1 mm. and that of the calyx 0.4 mm. It possessed about 10 columnals, of 
which the central were the longest, 0.15 mm. in length by 0.05 mm. in breadth, 
with the primitive median annulus very distinct and somewhat raised. The ter- 
minal stem plate was circular. 

In another, which measured 2.5 mm. in total length, the column being 2 mm. 
and the calyx 0.5 mm. long, there were 15 columnals, of which the three proximal] 
were quite short, but not broader than the succeeding. In the fourth columnal 
the portion distal to the primitive annulus was somewhat elongated, the proximal 
part remaining short. The following columnals were elongated, cylindrical, but 
with the median annulus distinct, the longest measuring 0.25 mm. in length and 0.05 
mm. in breadth. The terminal three or four were somewhat shorter. The terminal 
stem plate was small and slightly lobed. 

The basals were slightly convex, trapezoidal with straight edges, the upper 
border being finely undulated, corresponding to the lower border of the adjacent 
oral. The proximal portion consisted of an irregular meshwork, while the distal 
was quite regular in structure, the holes in the meshwork being arranged in straight 
lines. Mortensen notes that this indicates that the proximal portion represents 
the plate in its original size, the regular distal portion representing additional 
growth, and as additional evidence for this view he notes that the regular distal 
portion becomes more extensive with age. The same feature was observed in the 
orals. 

The most searching investigation failed to disclose the presence of infrabasals. 
I can confirm this statement, for at the time Doctor Mortensen was studying these 
pentacrinoids I was in Copenhagen, and we both went over the material together. 
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The orals are triangular, the proximal portion in the shape of a spherical 
triangle, along the two free sides of which the borders are abruptly everted, the 
eversion increasing in amount to the apex and standing everywhere in planes 
including the dorsoventral axis. 

Similar eversion of the free borders of the orals was described in Antedon 
bifida by Dr. W. B. Carpenter, but it is not nearly so extensive as in this species. 

Along the base of the triangle, where the oral adjoins the corresponding basal, 
there is a narrow belt of regularly arranged holes representing the zone of new 
growth. It is much narrower than the same zone in the basals. 

Five sacculi are present. 

In the next stage, characterized by the presence of the radials, the length is from 
6 mm. to 8 mm., of which the column occupies from 5 mm. to 7 mm. and the calyx 
0.7 mm. to 0.8 mm. 

The number of the columnals is 22-24. The longest, the eighth—fourteenth, 
are cylindrical, with the median annulus distinct, though scarcely prominent, and 
measure 0.05 mm. by 0.005 mm. The distal columnals are somewhat shorter, and 
the three or four proximal quite short, only slightly wider than those succeed- 
ing. The terminal stem plate is distinctly lobed. 

The radials are represented by small rhomboid plates lying in the angles where 
the basals and orals meet, the corners of these plates being truncated for their 
reception. 

The basals have increased considerably in length through addition to their 
distal borders. There has been some addition to the proximal edges of the orals, 
and their everted margins have increased considerably in height. 

The tentacles contain irregular elongated calcareous rods. 

A specimen in which the rudiment of the IBr, has appeared shows the begin- 
nings of the radianal. The right posterior radial is displaced to the right so that 
it lies almost entirely on the right posterior basal. Adjoining it just to the left 
and resting on the posterior basal is the radianal. In area the radianal is some- 
what more than one-third the area of the adjacent radial, and its distal half 
overlaps the base of the posterior oral when the latter is closed over the disk. 

In the stage in which the IBr, and IBr, are developed the length is 8.5 mm., 
the calyx being from 0.7 to 0.8 mm. long. 

There are 25 columnals, of which the longest are 0.5 mm. long and from 0.06 
mm. to 0.07 mm. wide, somewhat thicker than in the preceding stage and slightly 
thickened at the ends. The lobes of the terminal stem plate have become slightly 
more pronounced. 

In one of the specimens the IBr, and IBr, are small and similar; in another 
they have become considerably differentiated. 

In the latter the IBr, is still narrow and slender, though somewhat widened 
at the proximal end, where it adjoins the now distinctly pentagonal radial. The 
IBr, (axillary) has widened, and on its outer borders the first brachials have just 
appeared. 

The basals have increased considerably in length through addition distally, 
and the radials have nearly come into mutual contact beyond them. 
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The upturned edges of the orals have increased considerably in height. 

The anal plate is distinct. 

In the stage characterized by the presence of the first brachials the penta- 
erinoids are from 13 mm. to 15 mm. long, the calyx measuring from 1.5 mm. to 2 mm. 

There are 33-35 columnals of which the longest are 0.6 mm. by 0.1mm. The 
proximal six or seven are short, but not broader than the succeeding. The central 
are cylindrical, without distinct traces of the median annulus, and with slightly 
broadened ends, which are elliptical in end view, the axes of the ellipses on the 
two ends of each columnal being at right angles to each other. The articular faces 
resemble those figured by Sars in Hathrometra sarsii, but the fuleral ridge is not 
so strongly serrate. The distal columnals gradually become shorter, the most 
distal being only about half as long as wide. The terminal stem plate is rather 
large and coarsely lobed. 

The radials have formed a completely closed circle, and their apposed lateral 
edges are of considerable length. They are somewhat thickened at the point 
where the IBr, are attached. 

The IBr, and IBr, are still long and narrow. 

The basals now end distally in an angle beneath the interradial sutures and 
thus have become pentagonal. 

The radianal is still distinct. 

The orals still retain their characteristic shape and still reach the edge of 
the disk. 

The brachials resemble those of H. sarsii at the corresponding stage. 

Side plates, somewhat more branched than those found in the pinnules of the 
adults, have appeared. 

Tischer recorded two pentacrinoids of this species, which, attached to a Rhyn- 
chonella, were dredged at the Austro-Hungarian polar station at Jan Mayen. One 
of these was sent to P. H. Carpenter, who published a figure of it. 

The broken column with 26 seements was 14 mm. long; the crown, with the 
arms broken at the distal end of the eighth brachials, was 4 mm. long. 

The longest of the five cirri reached almost to the first brachials. 

In the Challenger report Carpenter figured (under the specific name tenedla) 
a pentacrinoid of this species. 

He gives no measurements, but the figure shows a pentacrinoid about 18 mm. 
long, of which the column, consisting of 23 segments with a considerable part 
of the distal portion missing, is 12.7 mm. long. 

There is only one cirrus, which reaches to the level of the TBr,,. 

The column is attached by a slight calcareous expansion at about the thirty- 
fifth segment (not shown in the figure) to one of the rays of a Rhabdammina 
abyssorum, and it then passes on to form two other spreading attachments, with 
radicular branches sprouting from them over a portion of a tubular hydroid. 

Six or eight long pinnules are developed on each arm, the lowest being on 
the ninth, tenth, and twelfth brachials. 

Two pentacrinoids which were dredged by the Porcupine in the “cold area ” 
of the Faroe Channel P. H. Carpenter referred to this form. 
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In one of these there is no trace of cirri, the anal plate separates two of the 
radials, and there are two short brachials. 

There are five discoidal segments at the top of the broken column, which is 
much more robust than that of the corresponding stage of Antedon bifida, while 
the crown, which is 1.1 mm. in length, is nearly twice as large as that of Antedon 
bifida. 

The orals, which rest directly on the radials, were compared by Carpenter to 
those of Hyocrinus, having a deep median groove, which is more marked than 
in that type, with the lateral borders folded over somewhat strongly. This 
character is more pronounced than in the larva of Antedon bifida. 

Carpenter notes that this pentacrinoid, which, like the succeeding, was deter- 
mined as belonging to Hathrometra proliva by a process of elimination, resembles 
the larva of H. sarsii in the great height of the basals but differs from it altogether 
in the unusual shortness and width of the radials and IBr series. 

In the second larva the column, which is broken about 20 mm. from the 
calyx, forms an attachment to a hydroid tube at about its thirtieth segment, and 
is continued downward for half a dozen segments further. 

There are six discoidal segments below the rudimentary centrodorsal, which 
bears the sockets of five short cirri, only one of which remains, reaching to the 
distal border of the basals, which collectively make up about half the height 
of the cup. 

The IBr, and IBr, (axillaries) are well developed, as are also the arms, 
which are broken at about the tenth brachial or earlier; but even under these 
circumstances the crown has a length of 4 mm. 

A slightly bifid plate having a somewhat worn appearance stands up in one 
of the interradii of the disk. Carpenter states that it may be one of the orals. 
but is more inclined to regard it as the radianal. 

A striking feature of this very robust larva is the large development of 
the arms before the appearance of the cirri. The radials and brachials are larger 
than those of a recently detached Antedon bifida. 

The brachial ambulacra of this larva are protected by relatively large plates 
not unlike those in certain forms in the genus Leptometra, though the armature 
of the ambulacra in the adult #7. prolira consists of quite simple carcareous rods. 

This difference, as stated by Carpenter, may perhaps be explained by an 
absorption of the perisomatic skeleton of the pentacrinoid, such as seems to take 
place in certain forms of Antedon. 

In addition to many of the specimens described by Doctor Mortensen I have 
personally examined the following: 

East of Jan Meyen (lat. 72° 05’ N., long. 0° 36’ W.), 96 fathoms; taken on 
July 24, 1891. 

A well-developed example in a poor state of preservation. 

East of Iceland (lat. 65° 00’ N., long. 11° 16’ W.), 310 fathoms. 

The radials are in contact laterally through the rather broadly truncated 
lateral angles. 


Northeast of Iceland (lat. 67° 53’ N., long. 10° 19’ W.), 1,010 fathoms. 
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Total length (distal portion of column missing), 3.0 mm.; length of calyx, 
about 0.8 mm. 

The stem fragment attached to the calyx consists of 12 columnals, of which 
the first four are very short and discoidal, the fifth is half again as long as 
broad, the sixth is twice as long as broad, and the tenth and following are about 
five times as long as broad. 

The radials are rhombic plates of moderate size. 


HATHROMETRA TENELLA. 


A pentacrinoid of this species was figured by Verrill, who, however, gave 
no description of it, nor did he indicate where or at what depth it was dredged. 

The figure shows a specimen 22.5 mm. in length, the crown being 4 mm. long. 

There are 28 columnals, of which the topmost six are very short and dis- 
coidal, decreasing slightly in diameter. Those in the distal half of the column 
are shown as five or six times as long as broad, with slightly enlarged ends. 
Though the object of attachment is drawn, no terminal stem plate is shown, and 
many of the earlier elongated columnals are drawn as two, the median annulus 
having been mistaken for the border between two. 

The distance across the distal part of the radial circlet is equal to about 
twice the distance between the distal portion of the radial cirelet and the topmost 
columnal. The sides of the calyx are rather strongly convex. 

The radials in the middle line are about as long as the interbasal sutures. 
The distal edge of the radial circlet as seen in lateral view is straight. 

The bases of the IBr, occupy about half of the distal edge of the radials. 

Nine brachials are shown. No pinnules are developed. 

On September 12, 1884, the Albatross dredged a nearly or quite fully grown 
pentacrinoid off Cape Hatteras in 243 fathoms. 

The total length is about 17 mm., the crown measuring about 6 mm. 

There are 29 columnals and the terminal stem plate and centrodorsal. 

The centrodorsal is apparently a low truncated cone; the columnal imme- 
diately following the centrodorsal is very thin and platelike, rather strongly 
pentalobate, the interradial portions being produced laterally as broadly rounded 
extensions, suggesting the conditions found in Promachocrinus; the next seg- 
ment is less in diameter, slightly thicker, the proximal border produced and 
rounded pentagonal with the angles interradial, the sides converging strongly 
distally. These two columnals are very closely united, apparently by a stem 
syzygy. The following columnal is less in diameter than the preceding and 
longer, being four or five times as broad as long, united both to the preceding 
and to the succeeding by the bourgueticrinoid type of articulation. The fourth 
columnal from the centrodorsal decreases rapidly in diameter distally, and is 
about as long as its distal breadth, with a roughened girdle about the proximal 
border. The fifth is about twice as long as broad, with a roughened, very slightly 
raised, broad median girdle. The following increase in length to the eighth, 
which, with the following, is about three times as long as broad. After the 
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ninth, which, like the preceding, is cylindrical, the segments begin to show a 
median constriction and swollen ends; in the distal half of the column this feature 
becomes very strongly marked. 

The terminal stem plate, which is attached to a small bivalve, is produced into 
three long bifurcated digitiform processes and a broad irregular digitiform mass, 
which occupies nearly one-half of its circumference. 

The lowest cirri, about the apex of the centrodorsal, are composed of 10 
segments. They are radial in position and reach about to the second brachial. 
Beyond these there is an irregular band of cirri, of which the lowest resemble the 
apical and the uppermost, which are the longest cirri present, reach to the ninth 
brachial or slightly beyond, and are composed of 11 or 12 segments. About the 
proximal edge of the centrodorsal in the interradial angles are some rudimentary 
cirri. 

The crown resembles that of the youngest free-living examples. The distal 
angles of the IBr,, the lateral angles of the IBr,, and the distal edges of the 
brachials are armed with prominent spines. 

All the pinnules are present. 

A specimen dredged by the Albatross on August 22, 1884, between Cape 
Hatteras and Nantucket, in 428 fathoms, is badly mutilated, most of the arms 
and column and all of the cirri being lost. 

Apparently it is in the same stage as the one just described. 

The centrodorsal is low conical, its truncated tip resting in the center of the 
very thin columnal following, which is somewhat broader than the base of the 
centrodorsal and pentalobate, the lobes being directed interradially. 


HATHROMETRA SARSIT, 


Figs. 1216-1225, pls. 35, 36; and part 1, figs. 407, 413, p. 317; pl. 2, fig. 580, and pl. 3, firs. 534, 536, 
587, 5389-542. 


In 1856 Prof. Michael Sars communicated to the congress of Scandinavian 
naturalists assembled at Christiania a brief account of the pentacrinoid young of 
Hathrometra sarsit. 

Later he obtained 32 additional pentacrinoids in different stages of develop- 
ment, which he described in great detail in 1868. Thirty-one of these penta- 
crinoids were dredged by his son, Prof. George Ossian Sars, at different localities 
in the Lofoten Islands, between 100 and 300 fathoms, at various times between 
the beginning of March and the middle of July, and one was secured by him- 
self in March at Manger, near Bergen, at a depth of 50 fathoms. 

The youngest specimen was captured at the beginning of July at Brettesnaes 
in the Lofoten Islands, at a depth of 100 to 200 fathoms. It was attached to the 
stalk of a Rhabdopleura mirabilis growing on the column of a RAizocrinus lofotensis. 

The total length was 4 mm., the column measuring 3.5 mm., and the calyx 
a little less than 0.5 mm. 

In the stem there were 18 columnals, of which the two or three proximal were 
almost spherical, or rather lenticular, being slightly compressed along the axis of 
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the column. These were also a little broader or thicker than those following, 
which were cylindrical, becoming more and more elongate toward the middle of the 
column, where they were from six to seven times as long as broad. Toward the 
distal end of the column the segments became shorter again. With the exception 
of the two or three proximal columnals and of the distalmost, all showed a narrow 
median transverse line, sometimes slightly elevated, denoting the primitive annulus. 
The distal end of the terminal segment spreads out into a little hyaline disk, almost 
circular, which is attached by its lower face to the foreign body. This disk is 
almost entirely composed of a fine calcareous network, a continuation of that of 
the segment itself, irregular and lobed in outline. 

The crown is composed entirely of the basals and orals, no trace of the radials 
having appeared, and no infrabasals having been identified. 

The straight distal border of the basals is not quite equal to their length; the 
two lateral borders converge, so that the proximal border is very short. 

The orals are of about the same size as the basals. 

All the plates of both series are composed of the ordinary calcareous network, 
moderately regular, and pierced with little rounded perforations, which on the 
rounded (distal) tips of the orals is furnished with minute but prominent conical 
points. 

Another specimen, taken at the same time and place as the preceding, was 
attached to the stem of a dead individual, much older, of the same species, which, 
in its turn, was attached to a branch of a Crisia denticulata. Although this 
example was no larger than the preceding, being 4 mm. in total length, with the 
crown 0.5 mm. long, it was a little more developed. 

The column was composed of 19 segments, of which the four or five uppermost 
were more strongly compressed longitudinally than were the corresponding ele- 
ments in the preceding, being in lateral view twice as broad as long. The follow- 
ing were cylindrical and became progressively longer and longer, so that at the 
middle of the stem they were five or six times as long as broad; here they were 
somewhat constricted centrally and thickened at the two ends, and at the same 
time a little narrower than those above and those below. The latter gradually de- 
crease somewhat in length. 

The end of the distalmost columnal expands into a little disk with a convex 
surface, from the periphery of which there arise four short, thick, digitiform 
prolongations, which extend over the surface of the object of attachment (in 
this case a columnal of a larger individual) and partially inclose it. The disk 
and its prolongations are composed of a fine calcareous network like that of the 
columnals but less regular. 

In Antedon the terminal stem plate is a circular or slightly lobed disk instead 
of a digitiform structure as in this species. 

Between each pair of orals and basals there has been formed a radial, the 
radials thus separating these plates heretofore united by their bases. 

The basals appear a little smaller than at the preceding stage, and now their 
distal border, previously straight, forms in the center, on account of the intercalated 
radials, an obtuse angle. 
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The five radials, almost as high as broad and hexagonal in shape, are already 
so large that they are almost in contact with each other at the lower extremity 
of their lateral borders, which are separated from those of their neighbors by a 
narrow vertical fissure. 

On the distal straight border of each of the radials there has appeared a 
IBr,, which is elongated and as high as, though scarcely half as broad as, the radial. 

The orals are in the same condition as in the preceding stage. 

Tn one of the interradial spaces, at the level of two of the radials and between 
them, a small plate, oval in shape, with the longer axis parallel with the stem, 
which with its proximal border touches the distal angle of a basal and distally 
overlaps the proximal border of an oral, has appeared. This is the radianal. 

Three specimens, taken at the same place, time, and depth as the two preced- 
ing, are at a more advanced stage. One of these was attached to the tube of a 
Pectinaria hyperborea, and the two others to the stalk of a Cellularia ternata var. 
gracilis. 

The length of these specimens is 10 mm. 

In one of them the column is composed of 27, in the other of 29 segments. 
The five proximal columnals are strongly compressed along the axis of the stem, 
the others being as in the preceding stages. 

The crown, which is 0.75 mm. long, shows many changes. 

The radials are all united by their lateral borders. On the distal border of 
the IBr,, which is still very narrow, there has developed a IBr, (axillary) which 
is of about the same height and width as the I[Br,, and beyond it the two arms 
are in course of development. 

The elements of the IBr series are very narrow and are very widely separated 
from their neighbors. 

The arms are 0.75 mm. long, directed upward, or sometimes more divergent, 
with the ends pointed and slightly bent inward, and are composed of as yet only 
six segments which are longer than broad, and already comparable to those of 
the adult in which, however, they are broader than long, especially in the proximal 
portion of the arms. 

The dorsal portion of the brachials, of which the distal border overlaps slightly 
the proximal border of the brachial succeeding and is armed with minute conical 
points, is deep, semicylindrical, and composed of a calcareous network crowded 
with little rounded meshes. The two lateral portions are very thin and mem- 
branous, and the distal part of their border turned inward, or ventrally, forms 
a rounded flap. In the fully grown pentacrinoid and in the adult the ventral 
border of each brachial has two or three similar flaps. 

Each of these flaps is supported by a long and slender calcareous rod or 
spicule situated within it, usually somewhat S shaped, which is directed obliquely 
upward and inward, and of which the end, situated near the ventral border of 
the segment, is a little enlarged and pierced with a larger or smaller number of 
small round holes. The opposite end, situated near the dorsal calcareous network. 
is pointed, or sometimes bifurcated. 
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In free-living individuals 1.5 inches in length the same structure, composed 
of one or two spicules, still persists in each of the ambulacral lappets, and they 
are found in the pinnules of adult individuals of Antedon petasus from 3 to 4 
inches in length, although here they are much reduced. 

These spicules also occur in the pinnules, at least in those of the distal half 
of the arms, of the adult ZH. sarsii. 

Along the ventral groove of the arms there are two rows of tentacles and 
two rows of colored vesicles (sacculi). As yet there is only one pair of these 
for each brachial, though in the adult there are many, usually three pairs. 

The tentacles are cylindrical, with very slight equally spaced constrictions, or 
feebly annulated, and are furnished with minute tactile papille which are slender, 
cylindrical, and rounded at the ends. 

The sacculi, situated on the outer side of the tentacles, are spherical, and 
opaque reddish yellow or reddish brown as in the adults. In life, however, they 
are colorless. On the disk there is a pair of them above the base of the IBr,. 

There were four specimens taken at the beginning of March at the Guldbrand 
Islands, in 100 fathoms, and at Skraaven, in the Lofoten Islands, in 300 fathoms, 
two of which were attached to the stem of a Rhabdopleura mirabilis, the two others 
being affixed to the tests of rhizopods. 

The largest of these has a total length of 20 mm., of which the crown (includ- 
ing the arms) occupies 4 mm. The column is composed of 38 segments. The 
three others are slightly smaller, from 13 mm. to 16 mm. in length. 

As a result of the development of the digestive organs and of the soft ventral 
disk which covers them the calyx has become greatly enlarged, and the oral plates, 
now separated as a consequence of this increase in size from the much enlarged 
and much further developed radials, are still fairly large but seem from this time 
onward to become more and more reduced and rudimentary. 

The form of the radials has changed considerably. The distal border, pre- 
viously short and straight, has become very broad and concave to receive the base 
of the IBr,, which similarly has broadened. On the distal border of the radial 
circlet there are now to be seen five rounded-triangular interradial angles with 
rounded apices which project distally on the lines of the interradial sutures, and 
are slightly bent inwardly. 

The IBr,, similarly enlarged, is almost as broad and high as the IBr;. The 
arms, considerably elongated, are each now composed of 14 or 15 brachials. In 
the largest specimen, though not in the others, the arms are bifurcated at the tip. 
Examining these more closely, it is found that this is in reality the first formation 
of the pinnules. The pinnules are still very short and filiform, being at the base 
about half the thickness of the arm and gradually tapering distally. They are 
composed of a few indefinite segments, of which the two lowest already show 
sacculi, which, however, are much smaller than those on the arm itself. 

A pentacrinoid in a more advanced stage of development, taken in the middle 
of April at Skraaven in 300 fathoms, is 21 mm. long, the crown (with the arms) 
measuring 4 mm. 
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The column, composed of 49 segments, forms in its distal half a pronounced 
S-shaped curve. It is attached not only, as in most cases, by the terminal stem 
plate but also at two higher places, to a foreign body, a Rhabdammina abyssicola. 

In another specimen at the same developmental stage there arise from the 
terminal stem plate some digitiform prolongations, of which two are bifurcated 
ohne or more times. 

In a third, belonging to the following stage, the discoidal enlargement repre- 
senting the terminal stem plate is of irregular form and incloses some sponge 
spicules; a few other segments in the distal portion of the column may also give 
rise to tubercular or digitiform processes by which they are attached to foreign 
objects. 

The three proximal columnals have become much more flattened than pre- 
viously, almost discoidal—a feature still more accentuated in the next stage. 

In one of the interradial areas of the soft ventral disk, which has considerably 
increased in size, the anal tube has appeared. It already rises high above the 
surface of the disk and is cylindrical, slightly oval, or pyriform in shape. At 
its summit a small round dark spot indicates the position of the anus. As in 
the free stage the anal tube is approximately midway between the mouth and the 
periphery of the disk, and consequently far from the place first occupied by the 
primitive radianal. 

Just below the base of the anal tube there are found in the skin of the disk 
two small rounded calcareous plates of which the lower covers with its distal border 
the proximal border of the upper. The two occur almost in a vertical line, as if 
they had been drawn out by the anal tube in the course of its development. These 
calcareous scales seem to be the remains of the original radianal, which as an 
entity has disappeared. 

From the groove between the calyx and the topmost columnal cirri have begun 
to protrude, and, with them, the centrodorsal, to which they are attached, appears. 
This plate, still very narrow or annular, increases very rapidly at the next stage 
forming a basin which very soon conceals the basals. 

The first cirri are five in number and radially situated. They are directed 
upward, lying closely upon the interbasal sutures, and are cylindrical, almost 
straight or slightly curved (following the contour oF the surface of the basals), 
still smooth and unarticulated, with the tip rounded and devoid of a hook or claw. 
All are about of the same size, and their tips scarcely extend beyond the distal 
border of the basals. 

The radials have not been appreciably altered. 

The arms have elongated a little, and are composed of from 18 to 20 brachials. 
There is only a single pair of pinnules, which are longer than in the previous stage, 
straight, and pointed at the tips. 

In another specimen, not more advanced in other respects, the five primitive 
cirri have become four or five times as long as in the individual just described, and 
are composed of seven or eight well-developed segments, of which the terminal is 
already provided with two claws. 
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A third has the five primitive cirri still more developed and composed of 9 
or 10 segments. Between two of these cirri and immediately above them there is a 
sixth filiform cirrus directed upward which has no distinct articular divisions and 
terminates in a simple conical tip, the claw not having as yet developed. This 
cirrus, which has appeared later than the others, is interradial; the first five always 
maintain their original radial position. 

The fully developed pentacrinoid stage is represented by seven specimens. Of 
these, six were taken in March, April, and the beginning of May at Skraaven and 
at the Guldbrand Islands at the depths already given. They were attached to the 
tests of different rhizopods, to small shells, ete. The seventh is that taken by 
Professor Sars himself, in the middle of March, at Manger, near Bergen, in 50 
fathoms, which he described in 1856. 

The largest complete specimen was attached to a Crisia denticulata. It 
measures 28 mm. in total length, the crown (with the arms) being 8 mm. long. 
The column is composed of 44 segments, which seem generally shorter than in the 
preceding stages (the longest are almost four times as long as broad), having in- 
creased considerably in thickness. 

The three proximal columnals are almost discoidal, separated from each other 
by straight and deep constrictions, and are peculiar in that their surface shows 
moderately large transverse grooves, irregular, and somewhat sinuous, as if they 
were composed of thin transverse lamellae. Professor Sars believes that the loose 
structure of these segments has to do with the detachment of the pectacrinoid from 
the column. 

In the individual in question the two topmost columnals are the most discoidal, 
being two or three times as broad as long; the third is a little less broad and the 
fourth narrows a little toward its lower end, which is not broader than the following 
segments, which, as usual, are cylindrical and progressively increase in length. 

All the elongated columnals show very distinctly (a fact which was difficult 
to appreciate in the preceding stages on account of the smallness of the object) 
the same structure as the columnals of Rhizocrinus. The two thickened ends are 
somewhat compressed laterally, so that the articular faces are more or less elliptical. 
On the two faces of each columnal this compression takes a direction almost at 
right angles, so that the longer axis of the ellipse on the distal end crosses that of 
the ellipse on the proximal end at an oblique angle. The compression alternates 
at succeeding articulations all along the column. 

The articular faces show two similar large rounded fosse, one on either side 
of the longer axis. These fosse are united in the middle by the circular axial 
canal. The fulcral ridge, interrupted in the middle by the central canal, shows 
about six very small conical teeth on either side. The foss contain a large number 
of soft parallel fibrille, very fine and strong. 

Additional cirri have appeared on the centrodorsal, so that there are now nine 
larger and five smaller. The longer are well developed and are composed of 10 
seginents, of which the distalmost, as in the free adults, is already furnished with 
two claws. The five smaller cirri, situated immediately above and between the 


570 BULLETIN 82, UNITED STATES NATIONAL MUSEUM, 


larger in the interradial spaces, are very short, about one-fourth or one-fifth as 
long as the longest, and are indistinctly articulated, with the tips rounded and 
without claws. 

The disk, with the five ambulacral grooves radiating from the mouth each near 
the border dividing into two branches which continue onto the corresponding arms, 
and the anal tube, much larger than at the preceding stage and cylindrical, more 
or less crenulated at the tip about the anal opening, resembles that of the free-living 
adult. The five orals have been completely resorbed. 

The IBr, have increased considerably in size and thus appear shorter than 
in the preceding stage, being about twice as broad as long. The IBr, are also 
somewhat broader, being about as broad as long. 

Additional pinnules have developed, five on one side and six on the other of 
each arm, of which they occupy a little less than the distal half. They have 
become longer and more developed and are composed of a larger number of seg- 
ment. The tentacles and sacculi remain as before. 

On the lateral ventral border of each brachial are two rounded flaps, each of 
which contains as a brace a calcareous rod, as previously described. 

On the outer side of the second brachial a pinnule is now in process of forma- 
tion which did not exist at any preceding stage; it is still very short, scarcely 
longer than the width of the brachial, filiform, unarticulated, rounded at the tip, 
and without tentacles. 

The brachials between the second and the twelfth (in one specimen the tenth) 
show as yet no trace of pinnules. 

Already the sygyzies can be distinctly recognized between the third and fourth 
and ninth and tenth brachials, as in the adults. 

Another specimen 22 mm. long, the crown (with the arms) measuring 6 mm., 
the column of which is composed of 37 segments, is a little less developed than 
the last described. The centrodorsal bears only 10 cirri, of which the five largest 
(the primary cirri, radially situated) are composed of eight segments; the five 
small cirri are situated immediately above them in the interradial angles. There 
are as yet only two or three pairs of pinnules on the arms. 

A third individual, with the column composed of 34 segments, is 20 mm. long, 
but incomplete, the 10 arms being all more or Jess broken. On two of the arms 
there remain only the three lowest brachials. From the distal end of the third 
brachial (the hypozygal of the first syzygial pair) a new arm has arisen which 
resembles in a striking manner a young shoot grafted on a tree. It is very short 
and slender, only 2 mm. long, at the base scarcely half as thick as the stump which 
bears it, tapering toward the tip, which is curved inward. It is composed of 11 
or 12 segments and bears no pinnules, though it is already provided with tentacles 
and with minute sacculi, a pair for each brachial except for the last four or five, 
on which they are still lacking. The oral pinnule is well developed, consisting of 
six or seven segments. 

The largest and most developed of all the pentacrinoids was that which Pro- 
fessor Sars described in 1856. 
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The actual total length of this specimen, from which the tips of the arms and 
the distal portion of the column are missing, is 30 mm.; the crown (with the arms) 
as preserved measures 10 mm. Professor Sars estimates that im life the total 
length must have been a little over 40 mm. 

The column as preserved consists of 32 segments, of which the two just below 
the centrodorsal are discoidal or lamelliform, the third dish-like, and the follow- 
ing, as usual, cylindrical and becoming progressively elongated, being in the middle 
of the column from three to three and one-half times as long as broad, and swollen 
at the two ends. The distalmost columnals become somewhat shorter. 

The centrodorsal, which, as in the adult, conceals the basals and the radials, 
bears from 20 to 30 cirri (26 in actual count) which are without any definite order. 

The cirri midway between the base and the dorsal pole of the centrodorsal 
are the longest and the most developed, being 5 mm. long and about 0.16 to 0.20 mm. 
in breadth. Toward the pole the length diminishes to 1.5 mm., and the marginal 
cirri are even less developed. 

The centrodorsal thus resembles that of the adult, in which the cirri are uni- 
formly distributed over the surface, except on the small dorsal pole, and number 
between 30 and 40. 

The cirri are more or less curved, especially distally. the tip bemg usually 
directed downward and slightly inward toward the column. The largest are 
composed of 13 segments (the number in the adults varies from 13 to 19), which 
are cylindrical and, excepting those immediately adjoining the centrodorsal, 
slightly compressed laterally; they already show the elongate form characteristic 
of those of the adults. The cirrals, especially in the proximal half of the cirri. 
where they are somewhat more slender than in the distal half, are somewhat con- 
stricted centrally; the distal end is a little broader than the proximal, and its 
finely denticulate dorsal border overlaps slightly the proximal end of the segment 
following, which gives a somewhat crenulate dorsal profile to the cirrus in lateral 
view. As in the adult the last segment bears a strong immovable conical pointed 
terminal claw, which is slightly recurved, at the base of which dorsally is the 
shorter and less curved, often nearly straight, opposing spine. The smallest cirri, 
situated about the dorsal pole, are composed of only 7 segments, but in all other 
respects they agree perfectly with the larger just described. Near the rim of the 
centrodorsal, one in each of the interradial angles of the calyx, are five cirri which 
are almost as long and stout as the smallest of the ordinary cirri; they are uni- 
formly cylindrical and smooth throughout, without distinct articulation, but show- 
ing very fine transverse annular rings, and their tips are obtusely conical; in other 
words, they resemble the five primary cirri at an early stage. Exactly comparable 
cirri are seen also in the same place in the adults apparently throughout life, 
always few in number and of different sizes, and always occurring between the 
older cirri and the margin of the centrodorsal. 

The IBr, has become much broader and therefore appears much shorter. The 
IBr, (axillary) has become as broad as the IBr, and has attained its definitive, 
almost rhomboidal, form. 
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The longest remaining portion of the more or less broken arms is 10 mm. long, 
with a thickness of 0.5 mm. at the base, and of 0.33 mm. at the end, from which 
it may be inferred that the missing portion had at least the same length. This 
arm stump, composed of 20 brachials, bears 9 pinnules on one side and 10 pinnules 
on the other. 

At the time of detachment from the larval column the arms of Antedon bifida 
bear only five pinnules, three on one side and two on the other, and P, is the only 
pinnule developed in the proximal portion. 

The brachials have the same form as in the adults, but they are proportionately 
longer. 

In Antedon bifida at the time of detachment the articulations between the 
brachials have not as yet become oblique. 

Syzygies are present between brachials 3+4, 9+10, 14+15, 18+19, and 
22-23, just as in the adult. Many of the arms are broken at the first syzygy, and 
the radial striation of the distal articular face of the third brachial can be easily 
seen. 

The three or four lowest pairs of pinnules are very slender and hairlike. 
P, is very long, composed of from 12 to 14 segments (in the adults of from 25 
to 35), without tentacles, and with a few very small scattered sacculi, which, 
though sometimes arranged in pairs very close to each other, form, however, only 
a single row. 

The two or three following pinnules are scarcely half as long as P,, which in 
the fully grown animal is often fully three times as long as they are. 

Professor Sars finds that in the fully grown Hathrometra sarsii, more or less 
adult, the two pinnules on either side of the arm which immediately follow P, are 
similarly very slender, almost hairlike, without tentacles, and in certain cases 
even without gonads, which, like the tentacles, are not present before the fourth 
pair of pinnules. 

P, in the same individual has about the same length as the pinnule immedi- 
ately preceding, but, like the following, it has the usual form, thick at the base 
and gradually tapering toward the tip. It is composed of 9 segments, and, like 
all those following, it is provided with tentacles and with sacculi, there being 
6 pairs of the latter in two alternating rows. P, has 13 pairs of sacculi. Ordi- 
narily there are on the arms 1 or 2 pairs, and on the pinnules 2 or 3 pairs of 
sacculi to each segment. 

The following pinnules become gradually somewhat longer. 

At the end of this stage the perfectly developed pentacrinoid is ready to 
detach itself from its column and to lead a free existence. All the essential struc- 
tures of the free adults are present, although many of them are not so numerous 
as they will become later. 

Professor Sars notes that there is, however, reason for believing that at the 
time of discarding the larval column the pentacrinoids are not always so perfectly 
developed as the specimen from Manger just described; for from March to June 
there were dredged among the Lofoten Islands (at the Guldbrand Islands in 100 
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to 120 fathoms and at Skraaven in 200 to 300 fathoms) some very small free 
individuals among a large number of medium gs none of which had the gonads 
developed on the pinnules. 

Of these small specimens the largest, which is complete, has the arms only 14 
mm. long, provided with 13 or 14 pairs er pinnules, which occur throughout their 
entire length from the second brachial outward. The centrodorsal has about 20 
cirri. 

The smallest, of which the arms are broken in their distal portion, is almost 
equal in size to the largest of the pentacrinoids already described from the Lofoten 
Islands, and a little smaller than that from Manger. The remaining portions 
of the arms are entirely similar to those of the latter, but on the centrodorsal there 
are only 15 cirri, of which the largest is only composed of 11 segments. This 
individual has evidently only just been detached from the column. 

A third specimen, only very slightly larger than the last, still lacks some 
pinnules on the lower portion of the arms, though P,, which normally develops 
before detachment, is present. 

Doctor Danielssen records that on June 9, 1876, the Norwegian North Sea 
Expedition dredged a pentacrinoid of this species in latitude 61° 00’ N., longitude 
4° 49’ E., at a depth of 200 fathoms. 

Doctor. Mortensen compared directly pentacrinoids of Hathrometra sarsii and 
H. prolixa. While he did not find any differences of undoubted specific value in 
the calyx, he found that the columnals of 1. sarsz differ conspicuously from those 
of H. prolixa in being more robust and more constricted centrally. 

In addition to most of the specimens described by Professor Sars and by Doc- 
tors Danielssen and Mortensen, I have examined the following: 

Off southwestern Norway (lat. 58° 32’ N., long. 4° 18’ E.), 280) meters; 
April 30, 1903. 

A maniber of well-developed examples. 

Off southeastern Iceland (lat. 64° 16’ N., long. 11° 04’ W. ), 192 fathoms. 

There are about 16 columnals, most of wiih are greatly elongated; the termi- 
nal stem plate is slightly lobate; the radials are large, rhombi} show in contact 
laterally. 

South of Iceland (lat. 63° 21’ N., long. 16° 22’ W.), 500 to 560 meters; 
May 26, 1905. 

Two specimens; the larger has the crown about 10 mm. long and all the pin- 
nules developed, and is apparently ready to discard the column; the broad thin 
lobate column following the centrodorsal is typically developed; in the smaller the 
pinnules are developed from the twelfth brachial onward. 

Southwest of Iceland (lat. 61° 44’ N., long. 27° 00’ W.), 485 fathoms. 

Total length about 12.5 mm. 

The column consists of 35 columnals and a terminal stem plate. The nine 
topmost columnals are very short and discoidal, very slightly larger in diameter 
than those succeeding. The following increase in length to the fifteenth or six- 
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teenth and following, which are from four to five times as long as broad. Those 
in the distal half of the stem are constricted centrally, with much swollen ends. 

The terminal stem plate is composed of two stout tapering radicular cirri, 
which run out in opposite directions along a sponge spinule and give off more or 
less developed lateral stumps. 

The sides of the calyx are nearly straight and diverge from the topmost 
columnal at slightly less than a right angle. 

The distal border of the radial circlet is abruptly produced between the bases 
of the IBr,, forming rounded processes, which reach to nearly half their height 
and entirely occupy the spaces between them. 

The radianal, long triangular with rounded angles, spans the distance between 
the bases of the posterior IBr, and, gradually narrowing, extends to a point beyond 
the base of the IBr,, where it terminates in a broadly rounded apex. 

The IBr, are approximately square, with rounded corners, and occupy more 
than two-thirds of the distal border of the radials. The IBr, are of about the 
same length, broadly shield-shaped with the proximal edges strongly convex, so as 
to join the center of the distal border of the 1Br, in a very obtuse point. 

There were probably 8 or 10 brachials present. 

The orals show no indication of resorption. 

Southeast of Iceland (lat. 64° 16’ N., long. 11° 14’ W.), 190 fathoms. 

Two specimens, both poorly preserved; in one, apparently almost fully grown, 
there are 26 columnals attached to the calyx, of which the two uppermost (beneath 
the centrodorsal) are broad and plate-like, very thin, and much broader than those 
following; the centrodorsal is truncated conical, the tip where it adjoins the 
columnal just below being not quite half so broad as that columnal. The other had 
probably 8 or 10 brachials. 

West of Iceland (lat. 64° 18’ N., long. 27° 00’ W.), 295 fathoms. 

Total length about 12 mm. 

The stem consists of 32 columnals and a broken terminal stem plate. The 
first eight columnals are short and discoidal; the longest are about four times as 
long as broad; those beyond the middle of the stem are strongly constricted cen- 
trally, with prominent swollen ends. 

The sides of the calyx, which diverge at considerably less than a right angle, 
are straight. 

The radials are about as high as the basals; the distal border of the radial 
circlet is produced interradially into prominent rounded angles. 

The radianal is long and narrow, situated on the posterior rounded interradial 
angle into which the two appressed distal angles of the two posterior radials are 
produced, spanning the distance between the two posterior IBr, and reaching 
anteriorly to somewhat beyond the base of the IBr,,. 

The IBr, occupy about two-thirds of the distal edge of the radials. 

The orals, which are much depressed centrally, are still in contact with the 
distal border of the radial circlet. 
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THAUMATOMETRA NUTRIX. 
Figs, 1232-1237, pl. 38. 


Dr. Th. Mortensen has given a short account, to be followed later by a detailed 
description, of the young of this curious viviparous species. 

When ready to attach themselves the larve do not leave the marsupium, but 
become affixed to its inner wall, at any point from near the mouth to the bottom, 
with the calyx and proximal portion of the column protruding through the open- 
ing. In this position they remain throughout their whole development until they 
are ready to detach themselves from the stalk. 

In the older stages Mortensen found the distal end of the column, which lacks 
the terminal stem plate, regularly attached to the second or third pinnular, which 
is laterally broadened to accommodate it; in one case the column was attached to 
the articular surface between the third and fourth pinnulars, both of which 
were broadened. 

The young pentacrinoids are very small, but in the course of their develop- 
ment they grow to a very considerable size. 

The large pentacrinoids attached to the pinnules of the small mother give the 
latter a very curious appearance. 

Sometimes two pentacrinoids are attached to the same pinnule. In one case 
these were in about the same stage of development, but in another one was a nearly 
full grown pentacrinoid with five cirri, while in the other the arms were just be- 
ginning to develop. This indicates that an egg may undergo development in the 
ovary while a pentacrinoid protrudes through the marsupial opening. 

From the number of pentacrinoids found it is apparent that generally only 
one, and rarely two, eggs at a time are developing in the marsupium. 

None of the fully grown pentacrinoids have more than one or two arms in 
place, but the cirri are well preserved and show that at least 10 are developed before 
the young crinoid detaches itself from the stalk. 

Figures given by Mortensen show that at the stage in which one or two 
brachials beyond the IBr, (axillaries) are present the eolumn consists of five or six 
short columnals, without a terminal stem plate. 

A large pentacrinoid has the column composed of 10 columnals and a centro- 
dorsal but without a terminal stem plate. The three columnals immediately 
beneath the centrodorsal are short and discoidal, progressively decreasing in 
diameter; the next is about as long as broad; the seventh-ninth beyond the centro- 
dorsal are the longest, though they are not more than half again as long as broad. 

The centrodorsal as shown bears 7 cirri, 5 of which, radial in position, are large 
and composed of 10 segments, while the others, interradial in position, are rudi- 
mentary. 

?THAUMATOMETRA, SP. 
Fig. 1214, pl. 34, 
On October 18, 1873, off Tristan da Cunha (lat. 37° 21’ 00’ S., long. 12° 21’ 30’ 


W.), in 1,000 fathoms, the Challenger dredged three pentacrinoid larve, but no 
corresponding adults. 
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The figure given by Carpenter shows a crown 3.5 mm. long, which closely 
resembles that of the species of Hathrometra in the corresponding stage. The 
basals are high and the radials very wide, while the IBr, and IBr, are relatively 
long and narrow, though a considerable number of brachials is developed beyond 
them. There are no traces of an ambulacral skeleton. 

There appear to be six very short discoidal columnals immediately beneath the 
calyx. From the ninth onward the columnals are greatly elongated, with the 
median annulus prominent. 

The orals, shaped like those of the species of Hathrometra, are relatively 
small. 

There is little doubt that this pentacrinoid is the young of a species of Thau- 
matometra, an abyssal genus closely related to Hathrometra. 


DOUBTFUL SPECIES. 


In 1901 Professor Tjima recorded that a small stalked crinoid was taken from 
the carapace of a specimen of the giant crab (Macrocheira kaempferi) caught in 
Sagami Bay. 

Wishing if possible to obtain some clue as to what this small stalked crinoid 
might be I wrote to Prof. H. Matsumoto, of Sendai University (then of the 
Imperial University at Tokyo), and from him I received the following letter: 


I have examined Professor Ijima’s crinoid. The unique specimen represents the penta- 
erinoid stage of a comatulid, which may possibly be a Psathyrometra, though belonging to a 
species as yet unknown. 

Description—Column 17 mm. long, composed of 32 segments, which are elongated and 
“dice-box shaped ” except for the proximal 6, which are very short and discoidal. 

Cirri X in number, arranged in two (a radial and an interradial) circlets, 83 mm. long, 
composed of 10 or 11 segments which are elongated, “‘ dice-box shaped,’ wider distally than 
proximally. All the cirrus segments are longer than wide, the third-fifth being the longest; 
the distal edges of the segments are produced and overlap the bases of the succeeding; there 
are no dorsal spines; the opposing spine is minute, terminally situated; the terminal claw is 
long and stout. In addition to these 10 cirri there is a very rudimentary one, radially situated. 

Basals just visible, triangular. 

Radials well developed, forming a complete closed circlet. Their external surfaces are 
very rough, and there is a row of spines along their distal margins. 

Elements of the IBr series narrow and widely separated. 

IBr: narrower distally than proximally, the surface very rough, the lateral and distal 
margins armed with prominent spines. Axillaries rhomboidal, longer than broad, with very 
rough surfaces, and with especially prominent spines on the lateral borders and along the 
distal edges. 

Arms, 10 in number, about 10 mm. long; brachials longer than broad, “ dice-box shaped,” 
the first four or five with rough surfaces, the spines being especially prominent along the dorsal 
side; fifth-fourteenth brachials with a very prominent spine on the distal border in the median 
line. ; 

Syzygies occur between the third and fourth, eleventh and twelfth (or ninth and tenth), 
sixteenth and seventeenth, and twentieth and twenty-first brachials. 

P,, on the second brachial, as yet rudimentary, 0.7 mm. long, composed of three or four 
much elongated segments with rough surfaces. The first and second segments are about twice 
as long as broad, “dice-box shaped”; the third segment is half again as long as broad; the 
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pinnules of the third-thirteenth brachials have not as yet appeared; the pinnule on the four- 
teenth brachial is 2.5 mm, long and is composed of nine segments, of which the first and second 
are twice as long as broad, “ dice-box shaped,” and the third-sixth much elongated, four times 
as long as broad, with both ends expanded. The distal third of the seventh segment, as well 
as of the following segments, has a series of denticles along the ventral median line, forming 
an arm comb. The ends of all the segments are serrate. The following pinnules are essentially 
similar, 

Color in alcohol, white. 

Collected off Adawara, Sagami Bay, on July 30, 1895, by Professor Ijima, 


SUMMARY, 


As in the case of the adults the pentacrinoids of the comatulids are all formed 
upon the same general plan, but this plan admits of great variation in details. 

Size—The total length and the length of the crown of the pentacrinoids 
differs greatly, as is shown by the following table: 


Total 





length. Crown. 
! mm. mm. 
Promachoerinuskerguélénsis.ci sce 515. 26 b-senaEn -o2t) lide. earthed: be \ 65. 0 12.5 
LGERVOMEL ASATSIIe = = ono ee a socks oi gaeciesels sense aswece = pe ae Bee 21-28 4-8 
HEFe RO TIetr Gg CLCCELI AS ee ree ees ete la na ap ee are eee ere ere on era ee | 91-95 5-7 
Hathromeira tenellacg..-o- 25. rele ont op yaedebilgiestog od} toslles sn | 2208 6 
SETAtRTOMEETO DOU oo aoe pe ee a Ae Aes SIE eae cn A aa 18+ 5.3 
PERCU OTL ee nate ee re a ee ee ce eee nat neem cee ee ears \~ **18.0 11.0 
Comactinia meridionalis. ....-.2.-.-- wholes deddee pena these eiveals-ods fe yo 1520 10. 0 
EOI DLO ULELT (PTOI COCOUS owe ote ee alone a ayaa ats kee a oe ake See ee a 13+ 3.0 
OV OLGLOTIIEI TO POTTEChene mae «a ie a ee eee ae acta ee alrtetnle oe ne ieet ae = 7.45 5. 8+ 
2.1 


Pilometraapitllet.- f= 35 saysn's aah iest kre -6 2h eke - beacedaes dive sites 3.3 





Whereas the records just given are for pentacrinoids of approximately full 
size, the following are of pentacrinoids in various younger stages: 








length Crown. 
| mm, mm. 
GLO PROMEEC TLV ET OSs oe ne eee sae nee ee eres se eect ch one So Cee saice cree vain are 6.0 1.8 
Amtedone PElGSUS 2/2 oa. = =)2\n/eej om =rnternrn o's = EMT AES tLe See EEL IOs SELF EG - 6.0 2.0 
UIE LONTIELT SACO LINCO open es oe on ae cre cls Matas a 3 ten wan 2.7 
Cant DeGnretra ovens eee ee See eae ted eens sae et emlne ena Sates Pose 2.0 


From these figures it would appear that the length of the fully grown penta- 
crinoid in the Macrophreata ranges from 18 to 65+ mm., the range in the Oligo- 
phreata being from 3.3 to 15 mm. 

Were it not that Crotalometra porrecta is a deep-water type and that Hathro- 
metra tenella occurs in 25 fathoms or less, it might be supposed that the length of 
the column increased with depth; and were it not that Antedon inhabits water 
quite as cold as that inhabited by Hathrometra tenella and H. sarsii, it would seem 
that the colder the water the longer the column. 
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It must be remembered that in those macrophreate species in which the larvee 
develop within a marsupium the column of the pentacrinoids is short, as in the 
Oligophreata. 

The percentage of the total length represented by the crown varies very greatly, 
as is evident from the following table: 





Per cent. | Per cent. 





3 
Comactinta meridionalis .......-.------- 66.6 | Heliometra glacialis.........--.-.--- 23. 8-28. 0 
Ptilometra miilleri. ..... we estore iceceets | G3:16.\|) Blathrometra tenella a0. .ciam ete nians alts 23. 5-26. 6 
ZAMLECOTNOUILAG = serete paste niemeistaorseeie eee GLI) “Hathrometrarsanstt. yee. same ae eet 19. 0-28. 6 
Crotalometra porrecta.....-..---+------ 46. 6.| ?Lamprometra protectus........---- 23. 1 
Hathromett a: prouisd «0 are 3.01. <4 icone =o 29.4 | Promachocrinus kerguelensis.......- Loz 





From these figures it appears that in the Oligophreata the columns of the 
pentacrinoids are relatively much shorter than in the Macrophreata, ranging from 
46.6 to 66.6 per cent of the total length, as against 19.2 to 29.4 per cent in the latter. 
Of the two exceptions to this generalization (outside of the forms in which the 
young develop within a marsupium) one, Antedon, is an anomalous type, with 
many oligophreate features, while the figures for the other, ?Lamprometra pro- 
tectus, are of doubtful value. 

Column.—tIn all of the comatulid larve the stems are of exactly the same 
type. At the summit there are a few discoidal or lenticular, very short, segments, 
usually decreasing slowly in diameter, after which the columnals, becoming cylin- 
drical, rapidly increase in length, at about the middle of the stem becoming 
constricted centrally with expanded ends, the articular faces of which, oval in out- 
line, are at right angles on the two ends of each columnal, and toward the distal 
end becoming shorter again. 

The larval column of the comatulids is the exact counterpart of the very young 
sections of the pentacrinite stem, if we assume one of the lowest of the pentacrinite 
nodals to be replaced by the comatulid terminal stem plate, and with the column of 
Thiolliericrinus. It differs from that of the Bourgueticrinide, aside from the 
development of the proximale into a cirriferous nodal, in lacking the occasional 
union of the columnals in syzygial pairs, which is so conspicuous a feature of the 
younger portion of the column in the recent types. 


The number of the columnals in the pentacrinoids of the comatulids is as 
follows: 


Promachocrinus kerguelensis _______-_ G54; |: Comissiar Wittoralis. ee ey LT 
LOLOL OMECL-M SOTSte sa mee ne 40-49 Comactinia meridionalis ______-_____-__ 14-16 
HeEHOMetra GlLaecialis 2-2 8745 AMECU ON LOT A CTACY See ne ae ee 13-18 
Hathrometra prolira ________________ 338-35 Antedon mediterranea _________________ 13-15 
fLamprometra protectus____- ________ 83+ | Compsometra lovéni 6 14 
Anthometra, ddriants 6-2 222. bd 32 Crotalometra porrecta 2.422. --A_s 14 
Hathrometra tenella__.__--_-__» --..__ 28-30 heptometra eelttea__.p —— -__ 13 
AMTELON TDCLOSUWS ae one ee 27 Glyptometra tuberosa____ 13 
me LAA EA a en LH (HORS east aa i Lo pa dal 16-27 (20) Ptslometre Mullen ne ee ee 10-12 
Comanthus wahlbergti _______________ 17 Thaumatometra nutrix___-______-______ 10 
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The proportions of the longest columnals vary considerably; in general it 
may be said that the more numerous the columnals the longer they are. The 
relation of length to breadth in the longest columnals is shown in the following 
table: 


Glypiometra tuberosa_..-—._--_=____.-__ RecA Comassta ttorduese 2) - = ee 4:1 
Hathrometra proltra ——____- _-__.__-____ 6:1 | Comactinia meridionalis ___-__---------- 31 
Promachocrinus kerguelensis ____-------- 6<1 | Hetometra gliactals=_-—--—- = 34:1 
Anthometra adriant.. 2252-222 5:1 | Compsometra lovéni_2__-. -~2----=------- 3:1 
Hathrometra tenelld@=.—-—=-.+-+=s-~-=4--- 4-5:1 | Antedon petasus_iacas2 ost ces noes saste 3:1 
?Lamprometra protectus_____ ~---__-+---- 44:1 | Crotalometra porrecta _____------------- 2! 
Antedon, bifdar Qe St oe 4-1 | Pidometroa miller 2-22 21 
Hathrometra sarstt =o 4:1'| Thaumatometra nutrig_______--------+--_- LREL 


From the figures it appears that, in general, the species belonging to the 
Macrophreata have more numerous and longer columnals than those belonging to 
the Oligophreata. 

The number of short discoidal or lenticular columnals following the centro- 
dorsal shows considerable diversity, but the available figures are unsatisfactory 
for comparative purposes. 

At first, when the column is increasing very rapidly in length, these columnals 
are relatively few, usually only 1 or 2; just before the formation of the centro- 
dorsal the number of new columnals formed beneath the calyx is continued as 
before, but the development of these new columnals is greatly retarded; hence at 
the time of the first appearance of the centrodorsal the number of short discoidal 
or lenticular columnals at the summit of the column is relatively large. As the 
centrodorsal grows the short columnals beneath it slowly increase in length, so that 
at the time the animal is ready to discard the larval column the number of those still 
discoidal or lenticular is usually reduced to 3, 2, or even 1. 

Most of the following figures are from specimens the exact comparative age 
of which is unknown: 


Antedon netasus. o-oo 8) Antedon bifida, ==. = = oo 2-3 
Anthometra adrian ois eee 5-t | Antedon’ mediterraned _2- = 2-3 
Promachocrinus kerguelensis _____------- 3-10 | Antedon adriatica ___--_-__-_--_-_--+_-- 2-3 
Hathrometra prolira -___------------+--- 4-6 | Crotalometra porrecta _____------_------ 13 
Comiasia,, tttoralie__.---_- — = te 8 4-5 | fLamprometra protectus_____ a ERR 24 
Hathrometra. tenciia._——— ae 3-6 | Ptilometra miilleri__._+-__=__ =z -=-__.-- 2 
Compsometra lovéni___-__=___.—_-------— 4) Leptometra.cettica. === 2 
Hathrometra sors. - 3 | Comactinia meredtonatis’S2_Ue = =e 2-20" 1-2 
Thaumatometra nutriv_______---__------ 3 | Glyptometra tuberosa__________-__---__- 1 
Heliometra glacialis_______-.----_-+---- 3 


No exact statement is possible, but the indications are that the short discoidal 
or lenticular columnals are more numerous in the Macrophreata than in the Oligo- 
phreata, as would be expected from the longer and more numerously jointed stems 
of the former. 
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The columnal immediately following the centrodorsal is always attached to the 
latter by a so-called stem syzygy. It may be either of nearly the same or of lesser 
diameter than the centrodorsal, as in 


Comactinia meridionalis. Antedon petasus. 
Comissia littoralis. Antedon bifida. 
?Lamprometra protectus. Antedon mediterranea. 
Ptilometra miilleri. Antedon adriatica. 
Crotalometra porrecta. [ ?Heliometra glacialis]. 
Glyptometra tuberosa. Anthometra adriani. 


Thaumatometra nutrizx. 
or it may be broader than the centrodorsal, as in 

Promachocrinus kerguelensis. Hathrometra tenella. 

Hathrometra prolixa. Hathrometra sarsit. 

In the species in which the columnal following the centrodorsal is of greater 
diameter than the centrodorsal it is always more or less strongly lobate, the lobes 
being directed interradially. It may remain in the condition of a flat pentalobate 
plate, or the lobes may thicken and form considerable inclusions in the central 
portion of the lower margins of the basals, appearing like a second circlet of small 
basals oriented as the first. 

In all of these species the centrodorsal is conical, tapering to a more or less 
sharp point. It appears to arise as a minute calcareous ring between the middle 
of the basal circlet and the following columnal, which, receiving additions only 
on its proximal side, gradually takes on the form of a cone and grows to a con- 
siderable size before its increasing length finally separates the following columnal 
from the basals and reveals it as a small cone, with the base upward, connecting 
the center of the basal ring with the center of the much broader following columnal. 

The first cirri are formed as soon as the basals become separated from the 
second columnal, and this led Professor Sars to state that in Hathrometra sarsii 
the first cirri arise from a slit between the calyx and the topmost (in reality the 
second) columnal. 

The appearance of the proximale, always firmly attached to the calyx by 
close suture, indicates the maturity of the column in the group of crinoids, the 
Articulata, to which all the recent forms belong, with the exception of the Plicato- 
crinide. The proximale may be larger than the following columnals, as in A pio- 
erinus and Bathycrinus, of the same diameter, as in Phrynocrinus, or of lesser 
diameter, as in RAzzocrinus. 

From the contrasting conditions in Bathycrinus and Rhizocrinus it is evident 
that in the Bourgueticrinide we have conditions parallel to those in the comatulids, 
in some genera the proximale (the homologue of the centrodorsal) being larger, 
and in others smaller, than the following columnal. 

Terminal stem plate—In the pentacrinoid larve of the comatulids the ter- 
minal stem plate takes a number of more or less distinct forms. In the very young 
it is always circular; from this circular type a lobate form develops, and the lobes 
may elongate into five regular tapering processes, or may develop very irregularly 
into a group of digitiform extensions which are in reality radicular cirri, and which 
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may be supplemented by the appearance of additional radicular cirri on the long 
axes of some of the immediately preceding columnals and of sporadic attachments 
elsewhere. 

In the different species the development of the terminal stem plate may cease 
anywhere between the extremes mentioned; but it always follows the same course 
in every individual, no matter what the species. 

The terminal stem plate is absent in 7 haumatometra nutrix, in which species 
the distalmost columnal attaches itself to an expansion of the distal end of a 
pinnular. 

The terminal stem plate is circular or slightly lobate in 


Comactinia meridionalis. Antedon petasus. 
Comissia littoralis. Antedon bifida. 
Ptilometra miilleri. Antedon mediterranea. 
Crotalometra porrecta. Antedon adriatica. 
[?Glyptometra tuberosa]. Compsometra lovéni. 


Leptometra celtica. 

It is deeply stellate with five long tapering extensions in Promachocrinus 
kerguelensis. 

It is strongly digitiform in Hathrometra prolixa and Hathrometra tenella. 

It is strongly and irregularly digitiform, more or less completely transformed 
into radicular cirri, and supplemented by true radicular cirri and extra attachments 
in Heliometra glacialis and Hathrometra sarsiz. 

From this it would appear that the development of the terminal stem plate 
is correlated with the length and slenderness of the column. 

Attachment.—The larve of the comatulids show great diversity in their choice 
of objects to which to attach themselves. They fall in this respect into two main 
groups—(1) those which will attach themselves to almost anything, and (2) those 
which will attach themselves only to large individuals of the same species. These 
latter again fall into two groups—(a) those which will attach themselves only to 
the cirri, and (0) those which will attach themselves only to the pinnules. 

The pentacrinoids of the following species are found attached to various 


objects: 
Tropiometra macrodiscus. Compsometra serrata. 
Tropiometra picta. Compsometra lovéni. 
Crotalometra porrecta. Leptometra celtica. 
Glyptometra tuberosa. *Heliometra glacialis. 
Antedon petasus. Promachocrinus kerguelensis. 
Antedon bifida. Anthometra adriani. 
Antedon moroccana. Florometra serratissima. 
Antedon mediterranea. *Hathrometra prolixa. 
Antedon adriatica. Hathrometra tenella. 


Hathrometra sarsit. 
The two species marked with an asterisk (*) are also found attached to the 
cirri of larger individuals. 
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The objects to which these pentacrinoids attach themselves, or at least upon 
which they will survive after attachment, are circumscribed by certain economic 
considerations—(1) a free circulation of pure well aerated water must be assured, 
and (2) there must be an adequate food supply. 

Thus in shallow water mobile arborescent organisms, such as hydroids and 
bryozoans and seaweeds of all sorts, particularly laminariz, are usually chosen. 
In an aquarium the larve will attach to practically anything, even the glass walls, 
but in the sea the young of littoral types are only very exceptionally found on 
dead objects. 

Lo Bianco has noticed that in the echinoderm tank at the Stazione Zoologica 
at Naples the pentacrinoids of Antedon mediterranea, in different stages up to 
about 7 mm. in length, are almost always found attached to the walls of the 
aquarium or to old branches of gorgonians and antipatharians; these do not 
develop further, possibly, he suggests, through lack of nutriment. 

In the sea he found pentacrinoids of the same species in all stages up to the 
fully grown ready to discard the stem on the firmer alge (Sargassum, Halymeda, 
and Codium) and on different branched organisms dredged where the crinoid lives. 

In deeper water, where the aeration is more uniform and the food supply 
less subject to local fluctuations, while the arborescent organisms, particularly the 
hydroids, are still the usual objects of attachment, the pentacrinoids are often 
found on bivalve molluscs, barnacles, and other organisms (there is one record of 
a pentacrinoid on the carapace of a crab), and on foraminifera, and the spicules 
and skeletons of dead sponges and other animals. 

So far as I am aware no pentacrinoids have ever been found attached to 
stones. This, however, is probably due to the fact that in water sufficiently pure 
and with a sufficiently high food content for young crinoids the ocean bottom is 
more or less completely covered with a growth of other organisms. 

The pentacrinoids of the following species are found attached to the cirri of 
more or less fully grown specimens: 


Comissia littoralis. Leptometra phalangiwm. 
Comissia hartmeyeri. *Heliometra glacialis. 
Comactinia meridionalis. *Hathrometra prolixa. 
Comanthus wahlbergii. Isometra vivipara. 


In the two species marked with an asterisk (*) the pentacrinoids are also 
found attached to other objects, and their attachment to the cirri of the fully 
grown appears to be more or less a matter of chance; that is to say, they will attach 
themselves to any suitable object, whether it be the cirrus of an adult or any other 
support. 

But in the case of the other six attachment to the cirri of larger animals 
of the same species appears to be the invariable rule, and in these they are attached 
not to all of the cirri or to any of the cirri indiscriminately, but always to certain 
of the longest peripheral cirri which are not used for gripping the object to which 
the foster parent is fixed, but are raised upward toward or between the arms 
so that the crowns of the pentacrinoids appear on the ventral surface standing up 
between and above the pinnules. 
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In the two following species the pentacrinoids are attached to the pinnules: 
Ptilometra miilleri. Thaumatometra nutrix. 

In Ptilometra miillert the attachment is by means of a circular terminal stem 
plate; but in Thaumatometra nutrix, where the embryos are retained within a 
marsupium and there pass through all the larval stages, there is no terminal stem 
plate, the distal end of the larval column becoming attached to the expanded distal 
end of a pinnular. 

It is interesting to note that in Pétilometra miilleri all, and in Comactinia me- 
ridionalis most, of the pentacrinoids have been found attached not to fully grown 
specimens of the same species, but to partially grown individuals, apparently as 
a result of successive swarms of larve drifting away from the original parent mass. 

Cirri—The developmental stage at which the cirri first appear varies con- 
siderably. 

The first pinnules are formed simultaneously with the brachials which bear 
them—that is to say, the ninth-twelfth. 

The cirri appear before the pinnules in 


Comactinia meridionalis. Antedon bifida. 
Ptilometra milleri. Antedon mediterranea. 
Crotalometra porrecta. Antedon adriatica. 


Thaumatometra nutriz. 
The cirri appear simultaneously with the pinnules in Antedon petasus. 
The cirri appear after the pinnules in 


?Lamprometra protectus. Hathrometra prolixa. 
Heliometra glacialis. Hathrometra tenella. 
Promachocrinus kerquelensis. Hathrometra sarsit. 


Thus in those species in which the column is long and slender and composed 
of a relatively large number of segments the cirri are later in making their appear- 
ance than in those species in which the column is short and stout and composed 
of few segments. 
The first five cirri to appear are interradial in Antedon bifida. 
The first five cirri to be formed are radial in 


Comactinia meridionalis. Promachocrinus kerguelensis. 
?Lamprometra protectus. Anthometra adriani, 
Ptilometra miilleri. Hathrometra proliza. 
Crotalometra porrecta. Hathrometra tenella. 
Antedon petasus. Hathrometra sarsit. 
Heliometra glacialis. Thaumatometra nutriz. 


The interradial appearance of the first cirri in Antedon bifida, attested both by 
W. B. Carpenter and M. Sars, is difficult to understand, especially in view of their 
radial appearance in the closely related A. petasus. 

As has already been explained, the first cirri to be formed approach more 
or less a generalized type, but the later cirri of the pentacrinoids always show all 
of the essential characteristics of the adults. 

The figures for the number of cirri developed at the time of the casting of 
the column are unsatisfactory, but it appears to vary between 10 or 12 and 20 
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or more. It is largest in the species with conical centrodorsals, the species of 
Heliometra, Promachocrinus, Anthometra, and Hathrometra, in which also the 
crown is most developed at the end of the pentacrinoid stage, and in which the 
length of the larval life appears to be longest. 

Infrabasals—Unless sufficient material is available representing the very 
early stages, which is very rarely the case, the presence or absence of infrabasals 
in pentacrinoids is very difficult to determine. 

There are five infrabasals in 

Ptilometra miillert. Antedon adriatica. 

Promachocrinus kerguelensis. 

There are three infrabasals in Antedon mediterranea. 

There are no infrabasals in 

Comactinia meridionalis. Antedon bifida. 

Antedon petasus. Heliometra glacialis. 

Hathrometra prolixa. 
The presence or absence of infrabasals has not been definitely determined in 


Comissia littoralis. Compsometra lovéni. 
?Lamprometra protectus. Leptometra celtica. 

Crotalometra porrecta. Anthometra adriani. 
Glyptometra tuberosa. Hathrometra tenella. 


Hathrometra sarsit. 

Judging from the figure given by P. H. Carpenter there would appear to 
be large infrabasals present in Leptometra celtica, such an interpretation, however, 
is open to question. 

Basals.—The basals exhibit relatively little variation. 

In the Oligophreata and in Antedon the basal cup is relatively broad from its 
first appearance, while in the Macrophreata it is narrower and appears elongated, 
being about as long as its distal diameter. In the later stages this difference usually 
disappears. 

At first all the basals are of the same size and symmetrical, but in the later 
stages the left distal border of the posterior basal becomes longer than the right. 
The difference is usually not marked, but in Anthometra adriani it is very pro- 
nounced, the left distal side of this basal being from half again to twice as long 
as the right. 

The condition of the basals at the time of the loss of the column varies greatly, 
being correlated with the comparative state of development of the crown in other 
respects. In those species'in which separation from the larval stem occurs rela- 
tively early when only a few cirri are developed on the centrodorsal the basals are 
still of considerable size and very noticeable in an external view, while in those 
species in which the crown is well advanced and numerous cirri and pinnules are 
developed they are completely concealed by the centrodorsal. 

Radials—The development of the radials follows the same course in all types. 

There is a great difference in the relative time at which the two posterior 
radials come into contact beneath the radianal, but this is dependent upon the 
development of the latter and is only secondarily an attribute of the radials. 
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In the species which as adults have the division series broad and stout, as’ for 
example Crotalometra porrecta, the articular facet on the distal border of the 
radials increases very rapidly in width, correlatively with the increase in width of 
the IBr, and IBr,, and occupies almost or quite the entire width of the radial at a 
relatively early age. In the species in which the division series are narrow and 
widely separated in the adults the widening of the articular facet takes place 
very slowly. 

Radianal.—The course of development of the radianal, always present in the 
pentacrinoid young of the comatulids, is the same in all species, but it varies very 
greatly in the time of its first appearance, and hence in the proportion of the course 
as a whole which it covers in the different types. 

The radianal is the first plate of the radial series to appear in Comactinia 
meridionalis and in Promachocrinus kerguelensis. 

It appears simultaneously with, or possibly slightly before, the right posterior 
radial in Hathrometra prolixa. 

It appears when the radials are almost in contact in Hathrometra sarsit. 

It does not appear until the period of the development of the IBr, in Antedon 
bifida, Antedon mediterranea, and Antedon adriatica. 

It has been observed, but its history is not known, in Comiéssia littoralis, 
?Lamprometra protectus, Antedon petasus, Heliometra glacialis, Anthometra 
adriani, and Hathrometra tenella. 

The only pentacrinoids of the following which have been studied were too 
young to show it: Compsometra lovéni, Leptometra celtica. 

In the description of the pentacrinoids of the following species the radianal 
was not mentioned: Ptilometra miilleri, Crotalometra porrecta, and Glyptometra 
tuberosa. 

At first the radianal lies in the angle where the posterior and right posterior 
orals and basals join, just to the left of the right posterior radial plane and mostly 
below the plane of division between the orals and the basals, being accommodated 
by a slight cutting away of the right distal angle of the posterior basal. 

The right posterior radial, appearing almost immediately after the radianal 
and just to the right of it in the same transverse plane, grows much more rapidly, 
and the result of its increase in size is to shove the radianal along the distal edge 
of the posterior basal to the left, though the presence of the radianal prevents the 
development of the right posterior radial toward the left, this side being cut away 
in a broad curve about the right half of the radianal. 

As the radials increase in size, as rhombic plates, the lateral distal angles of the 
basals become more and more broadly cut away until finally the distal borders of 
the basals, instead of being straight and lying in a plane at right angles to the 
dorsoventral axis, are resolved into two straight lines running obliquely upward 
and inward and meeting in the center at an obtuse angle. 

With the further growth of the right posterior radial the radianal moves along 
the right distal edge of the posterior basal, outward (to the left) and at the same 
time upward, its center remaining on the same transverse plane as the center of 
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the right posterior radial, until its left border comes to lie over the median apex of 
the posterior basal, and therefore near the right lateral angle of the left posterior 
radial. 

From this point the course of the radianal is almost directly upward, and as it 
passes upward the proximal portion of the right posterior radial rapidly extends 
itself along the edge of the posterior basal beneath it, finally reaching the right 
lateral angle of the left posterior radial and entirely excluding the radianal from 
contact with the posterior basal. 

When the posterior radials have become completely joined so that the posterior 
interradial section of the radial circlet does not differ from the other interradial 
sections, the radianal is seen to lie upon the surface of the ventral perisomic disk 
at the base of the anal tube, with the greater part of its area to the right of the pos- 
terior interradial suture, and with its posterior (proximal) border usually just in 
contact with the distal border of the radial circlet. 

The raidianal may be resorbed in this position, or it may move slightly farther 
outward. 

No matter at what stage the radianal is first formed it always follows the same 
course, and in those cases in which it appears when the radials are almost in con- 
tact, or even after the complete closure of the radial circlet, its behavior is the same 
as if it had been present before the appearance of the right posterior radial. 

The radianal is of much slower growth than the other plates of the crown, and 
is always distinguished from them by a much finer structure. 

Interradials—The presence of interradials has been determined in the penta- 
erinoids of four species of comatulids, in which they occur in two very different 
forms. 

Interradials are formed on the distal border of the radial circlet in Comac- 
tinia meridionalis, Comissia littoralis, and in Antedon bifida. 

In Comactinia meridionalis and in Comissia littoralis they first appear when 
the radials have almost come into contact, at about the time of the formation of 
the IBr,, as small plates in the triangular space above the approximated lateral 
angles of the radials and below the proximal borders of the orals. They grow 
rapidly into conspicuous rhombic plates the distal borders of which are on a level 
with the bases of the IBr,. 

In Comactinia meridionalis, as the space between the proximal border of the 
orals and the distal border of the radial circlet increases additional interradials 
appear, so that there may be as many as five or six, which grade into the perisomic 
plates of the disk. 

The further development of the interradials in Comissia littoralis is not known. 

In many of the Comasteride (for instance, in Comanthina schlegelii and in 
certain large species of Comaster) the dorsal interradial areas as far as the edge of 
the disk are occupied by a solid calcareous plating, which often is of considerable 
thickness. It is possible that this is a development from the larval interradials 
which have been retained. 

In Antedon bifida the interradials are very rudimentary and not always 
present; they appear at about the time of the formation of the IBr, and appar- 
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ently are soon resorbed, though it is possible that they develop into the cluster 
of interradial plates often found between the IBr, in the adults. 

Interradials incorporated in the radial circlet are found in Promachocrinus 
kerguelensis and similarly in the species of 7hawmatocrinus, although the penta- 
erinoids of this latter genus are not known. 

In Promachocrinus the interradials appear first, after the radial circlet has 
been completely closed for some time, as narrow triangles on the distal apices of the 
basals. Rapidly extending themselves distally, they soon come to separate the 
radials as very narrow interradial plates, resting upon the truncated distal angles 
of the basals, which widen rapidly and from the middle of the distal edge give 
off a IBr, and IBr, followed by brachials, which exactly resemble the same plates 
following the radials, but are much smaller. 

In postpentacrinoid growth these interradials and the arms which they bear 
grow somewhat more rapidly than the radials and the postradial series beyond 
them, so that when the full size is reached the animal possesses 10 radials and 
20 arms which are indistinguishable one from the other. 

There can be no doubt that the five additional radials and the five additional 
arms of Thawmatocrinus are formed in exactly the same way, and it is likewise 
probable that in six-rayed specimens of other species the sixth ray (almost invari- 
ably inserted behind the left posterior) has the same origin. 

It is a very curious fact that in the young of Promachocrinus often no, or 
only one, interradial is developed, so that: five and six rayed specimens are very 
common, though apparently these never attain full size. 

It is not absolutely certain that the interradials of Promachocrinus and of 
Thaumatocrinus are homologous with those of the young of Comactinia, Comissia, 
and Antedon,; but the so-called anal 2 in certain fossil types, from which a series 
of ossicles arises, appears to be a connecting link between them. 

Arms.—The arms do not differ appreciably in structure in the different types. 
Almost from the first, however, the relative slenderness or robustness of the post- 
radial series of the adults is forecasted. 

Pinnules—The pinnules from their first appearance essentially resemble the 
definitive form. 

The distal pinnules, from the ninth to the twelfth or even the fourteenth 
brachials onward, are the first to appear, followed by the pinnule on the second 
brachial (P,) and, considerably later, by the pinnules on the intervening brachials. 

The relation between the development of the pinnules and the development 
of the cirri has already been discussed. 

In some forms, as in Antedon, the pinnule on the second brachial develops 
when only two or three pairs of distal pinnules are present. In others, as in 
Hathrometra, it develops much later. 

In the following species all the pinnules are present at the time of detachment 
from the larval column: 

Heliometra glacialis. Hathrometra proliza. 

Promachocrinus kerguelensis. Hathrometra tenella. 

Hathrometra sarsti. 
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But in the following only the pinnules beyond the ninth-twelfth brachial and that 
on the second brachial are present: 

Comactinia meridionalis. Antedon bifida. 
Ptilometra miilleri. Antedon mediterranea. 
Antedon adriatica. 

Side and covering plates—From their first appearance the side plates 
and covering plates of the pentacrinoids resemble very closely those of the adults. 

In Promachocrinus kerguelensis side plates and covering plates accompany 
the IBr, and IBr,, as well as the brachials and pinnulars. In Antedon petasus, and 
probably also in many other species, they accompany the IBr,,. 

In the pentacrinoids of the following species the side plates and covering 
plates (usually in the form of side plates with incompletely differentiated covering 
plates) are large and conspicuous: 

Crotalometra porrecta. Heliometra glacialis. 
Glyptometra. tuberosa. Promachocrinus kerquelensis. 
They are moderately large in Antedon petasus; they are very rudimentary and 
delicate, and usually very narrow, consisting of a few rods arranged in a loose 

meshwork in 

Comactinia meridionalis. Antedon bifida. 

Comissia littoralis. Antedon mediterranea. 

Antedon adriatica. 
they are reduced to slender rods which may be branched in 

Hathrometra prolixa. Hathrometra sarsit. 
they do not occur in Anthometra adriani; and they have not been noticed in 
Ptilometra miilleri. 

Orals—While the outline of the orals is always triangular, so that when they 
are closed together they almost or quite conceal the mouth, their surface shows con- 
siderable diversity of configuration. 

In the very young the orals are always spherical triangles, more or less strongly 
curved inward in the outer portion. 

Subsequent addition to their free lateral borders takes place so rapidly that 
if the original plan of a spherical triangle were maintained they would soon come 
to overlap; therefore the edges as they form turn outward more or less abruptly, 
according to the difference in the increase of the surface of the orals as a whole as 
compared with the increase in the surface of the disk. 

If the growth of the orals is comparatively slow the eversion of the edges 
makes only a small angle with the surface of the original spherical triangle, as in 
Comactinia meridionalis; but if it is relatively rapid the new calcareous deposit is 
abruptly everted, so that it is laid down in planes which include the dorsoventral 
axis of the animal, as in Hathrometra prolixa. 
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As the lateral borders of the orals are extended (this extension always in- 
creasing in amount distally) they may maintain contact beyond the distal apex of 
the original spherical triangle, so that from this apex there gradually arises a 
rounded or sharp keel, as in Comactinia meridionalis and in Hathrometra proliza; 
or the two sides may increase independently in such a way as to leave a narrow 
notch between them resting on the apex of the spherical triangle, which is eventu- 
ally filled by a plane or nearly plane deposit which, growing distally into a rounded 
point, forms a rhombic flattened area between the everted lateral areas and touches 
with its proximal apex the distal apex of the original spherical triangle. 

In the following species the orals appear to be spherical triangles: 

Ptilometra miilleri. 

The orals are slightly depressed in a triangular area extending from the 

proximal border as a base to a point a greater or lesser distance below the tip as an 


apex in 
Comactinia meridionalis. Antedon bifida. 
Comissia littoralis. Antedon mediterranea. 
Antedon petasus. Antedon adriatica. 


Compsometra lovéni. 

The orals are deeply depressed in the basal triangular portion, with the lateral 
portions abruptly and strongly everted and meeting over the distal apex of the 
former in a more or less well-marked keel, in 

?Lamprometra protectus. Heliometra glacialis. 

Leptometra celtica. Hathrometra prolixa. 

Hathrometra sarsit. 

In a triangular area extending from the proximal border as a base tc a point 
on the median line midway between the base and the tip as an apex, the orals are 
depressed, a rhombic area including the tip and resting with its proximal apex upon 
the distal apex of the former is flat or only slightly curved, and the sides are more 
or less strongly everted in 

Promachocrinus kerguelensis. Anthometra adriant. 

Though the different type of orals are, when typically developed, very distinct, 
there is more or less intergradation between them. 

Perisomic plating of the disk.—In the pentacrinoids of certain species when, 
as a result of the rapid increase in the size of the disk, the outer edges of the orals 
draw away from the radial circlet, exposing a constantly widening ring of perisome, 
this perisomic ring as fast as it appears is occupied by perisomic plates which 
form a complete pavement between the outer borders of the orals and the radial 
circlet; but in most species this area remains unplated. These perisomic plates 
only appear in species in which interradials are developed, and they represent a 
distal extension, becoming smaller and more and more irregular, of the inter- 
radial series. 
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A complete perisomic plating is found in Comactinia meridionalis, Comissia 
luttoralis, and in the recently detached young of Zhawmatocrinus renovatus and 
Pentametrocrinus, sp., while the exposed perisome is unplated in 


?Lamprometra protectus. Antedon adriatica. 
Ptilometra miilleri. Heliometra glacialis. 
Crotalometra porrecta. Promachocrinus kerguelensis. 
Antedon petasus. Anthometra adriani. 
Antedon bifida. Hathrometra prolixa. 
Antedon mediterranea. Hathrometra tenella. 


Hathrometra sarsii. 

In the adults of all of the comatulids the perisome of the disk contains spicules 
and concretions which are usually quite invisible to the unaided eye, though they 
sometimes take the form of plates of considerable size, and indeed in the family 
Calometride and in certain species of the genus Hudiocrinus the visceral mass is 
completely inclosed in a rigid calcareous pavement. 

There is no evidence that these calcareous deposits are in any way connected 
with the larval perisomic plating of the disk, which in the four types in which it 
has been demonstrated completely disappears long before the full size is reached. 

Spicules of the tentacles—Almost from their first appearance the tentacles 
contain long more or less curved and knobby calcareous rods of various sizes (part 
1, pl. 6, figs. 559, 563). 


HYBRIDS BETWEEN CRINOIDS AND ECHINOIDS. 


Dr. Emil Godlewski, jr., working at the Stazione Zoologica at Naples, fer- 
tilized with spermatozoa from Antedon mediterranea the eggs of Echinus micro- 
tuberculatus de Blainville, Paracentrotus lividus (Brandt) and Spherechinus 
granularis A, Agassiz. This was found to be possible when the alkalinity of 


the sea water was raised by the addition of 0.75-1.25 c. c. a (caustic soda). In 


his experiments all precautions were taken in order to avoid the possibility of 
error through the presence of echinoid spermatozoa and the possibility of partheno- 
genesis was excluded by control cultures. 

Godlewski found that a certain relation must exist between the two types 
of genital products. As a general rule, a large amount of sperm must be used 
for a relatively small quantity of eggs. 

There is considerable individual difference in the animals used for experi- 
mentation. Other things being equal, one gets a very different percentage of 
fertilized eggs from different animals of the same species. 

Not only the genital products of different individuals, but also individual eggs 
and spermatozoa from the same animal vary in a fixed ion concentration. If eggs 

n 


and spermatozoa in sea water with a slight addition of caustic soda, 0.25 c. ec. io 


NaOH (caustic soda): 100 sea water, are passed through mixtures of in- 
creasingly higher alkalinity—0.50, 0.75, 1.25, and 1.50 c. c. 10 caustic soda 70: 


100 sea water—the percentage of fertilized eggs is considerably raised. 
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If the echinoid eggs are allowed to lie a long time in an alkaline solution 
they become swollen when placed again in sea water, and fertilization, although 
in a smaller percentage of cases, will take place without further treatment with 
alkali. In the same way, if the genital capsules of Antedon have been previously 
exposed to the hydroxyl (OH) ions the spermatozoa can fertilize echinoid eggs 
in normal sea water. From this the inference is drawn that the hydroxyl (OH) 
ions exercise an influence on the spermatozoa as well as on the eggs. 

Morphological investigation of the several developmental stages shows that 
the stimulus for the development depends in the first instance on the penetration 
of the spermatozoa into the egg. The raising of the yolk membrane is clearly 
perceptible on the fertilized eggs, and examination also shows that the nucleus 
of the Anfedon sperm unites with that of the echinoid egg. 

Cell division proceeds in a manner entirely normal for the type represented 
by the egg, and the time of the different cleavages coincides with that of the 
eggs in the pure cultures. But since different eggs are fertilized at different times 
after the mixture of the eggs and sperm, and therefore commence to develop at 
slightly different periods, there are found side by side in the same vessel eggs 
in different cleavage stages. 

The blastula stage also can not be differentiated from the blastula of the 
pure echinoid culture. The blastule give rise to cilia at the appointed time and 
swim nimbly about the vessel. 

The further development depends upon the echinoid species from which the 
eggs are derived. 

Of the Spharechinus < Antedon embryos only a small part reached the gas- 
trula stage, and the commencement of skeletal formation was never detected. 

The Paracentrotus < Antedon hybrids for the most part reached the gastrula 
stage, and individuals among them reached the pluteus stage. 

The largest number of plutei were from the Echinus < Antedon cross. 

During the course of development a halting of the morphogenetic processes 
is often at times to be observed—first during the blastula stage from the com- 
mencement of mesenchyme formation, and later after the termination of gastru- 
lation and before the commencement of the formation of the skeleton. This 
halting of the developmental processes often lasts for several hours and, especially - 
in the Spherechinus < Antedon cross. Godlewski often noted an interruption of 
development lasting for two days. In each of such periods a part of the embryos 
sink to the bottom, while the remainder develop further. 

The percentage of the eggs which reach the pluteus stage is as a rule very 
small, and depends very much on the individuality of the material. At the most, 
5 per cent of the Echinus x Antedon hybrids develop to the pluteus stage, and 
usually the proportion was very much less. Often there occurred cases where 
no eggs developed beyond the stage in which the gastrula shows the commence- 
ment of the formation of the three-rayed skeleton. 

During the whole development the characters are exclusively those of the 
mother animal, the only differences between these hybrids and normal echinoids 
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being found in the lack of contemporaneousness in the original fertilization and 
the halting of the developmental processes at definite periods. 

The morphological features of the young of the Z'chinus male X E'chinus female 
and the Antedon male X Echinus female crosses are exactly the same. Mesenchyme 
formation begins in the blastula stage in contrast to the conditions in Antedon, 
where there is no primary mesenchyme, and in the grouping of the mesenchyme 
elements there is no difference between the hybrids and the pure-bred animals. 

After the mesenchyme has become divided into two masses, and the archen- 
teron has formed in the manner characteristic of /chinus, the beginnings of the 
three-rayed skeleton appear. The plutei, which exhibit the arms characteristic 
of the plutei of Zchinus, often live for several days. 

It is noticeable that, although there occur periods of arrested development 
or deviations in the formation of certain organs, similar abnormalities occur in 
the development of pure-bred Hchinus. Godlewski never found a deviation from 
the normal type of the mother animal which could be considered as resulting from 
the influence of the male parent. 

From these observations it follows that fertilization and the transference of 
characters are two quite unrelated processes. The spermatozoa can penetrate the 
egg, and its nucleus can unite with the egg nucleus, but in spite of the union 
of the nuclei none of the characters of the male parent appear in the morphological 
structure of the hybrid. 

His success in fertilizing echinoid eggs with comatulid spermatozoa led God- 
lewski to try fertilizing fragments of echinoid eggs from which nuclei were absent 
with Antedon spermatozoa. 

A small percentage of such egg fragments were fertilized. Development 
began with cleavage, which presented the usual type of merogonic echinoid 
division. Often the eggs died during the cleavage stages, but some developed 
to blastule, and Godlewski obtained four embryos which had reached the gas- 
trula stage, though in none of the four were there any traces of the beginnings 
of the skeleton. 

In none of the embryos was there the slightest trace of any Antedon char- 
acters; the development was invariably that of the /'chinus embryo. 


ASYMMBTRY. 


In the great majority of the comatulids the body is almost perfectly pen- 
tamerous, being composed of five similar sectors. The presence of a small 
muscular cone in the slightly enlarged posterior interradius, at the summit of 
which is the posterior opening of the spiral digestive tube, gives the only indication 
visible externally of a departure from true pentamerous symmetry. Internally the 
contents of the visceral mass, especially the coiled digestive tube and the excentric 
axial organ, are unsymmetrical, but the nerves and the skeleton and the more super- 
ficial organs centering in ring systems about the mouth are perfectly pentamerous. 

In certain types, however, a more or less marked deviation from the charac- 
teristic symmetry occurs. 

In many of the Comasteride the mouth moves anteriorly to a position at the 
base of the anterior ray, and then to the right to a position between the bases of 
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the anterior and the right anterior rays. This migration of the mouth is accom- 
panied by the shoving of all the ambulacral grooves outward to the periphery of 
the disk, where they form a horseshoe-shaped furrow, the opening of the horseshoe 
being first between the two posterior rays and later, as a result of the disappear- 
ance of the ambulacral grooves from the two posterior rays, between the right and 
left anterior rays. If the mouth moves to the right the opening of the horseshoe, 
because of the loss of the ambulacral structures on the opposite (left posterior) ray, 
is between the left anterior and right posterior rays, and if the suppression of 
the ambulacral structures is carried to an extreme, between the anterior and right 
anterior rays. 

By these changes the bilateral symmetry on either side of a plane passing 
through the anterior ray, the mouth, the anal tube, and the middle of the posterior 
interradius, in most types affecting only the disk, first becomes extended to all the 
other structures by the dwarfing of the two posterior rays, and then changes over 
into a bilateral symmetry on either side of a plane passing through the middle of 
the right anterior interradius, the mouth, the central anal tube, and the atrophied 
left, posterior ray. 

Occasionally comatulids are found which are six-rayed, with the additional 
ray inserted behind the left posterior. This variation is especially common in 
Tropiometra picta. In two. genera, Promachocrinus and Thawmatocrinus, an 
additional ray is normally inserted to the left of all five rays, so that a 10-rayed 
animal results; but the basal structures remain pentamerous, so that the basal rays 
lie under the center of alternate radials. 


HABITAT OF THE LITTORAL CRINOIDS., 


Though a detailed discussion of the relation between the recent crinoids as a 
whole and their physical, chemical, and ecological environment will be reserved 
until later, it seems advisable here to indicate the ‘conditions under which the 
numerous littoral species are found along the shores, in order first of all to em- 
phasize the importance of these animals in the littoral fauna of the present day, 
and secondly to show in what diverse surroundings they exist. 

Except on sandy and exposed muddy shores littoral crinoids occur in all 
possible situations. Their one essential requirement is pure, well-aerated water 
having a relatively high minimum salt content and well provided with minute 
plankton organisms; and wherever this condition is met within the range of the 
littoral species they may be looked for in the water just below the low-tide mark, 
or in the tide pools; sometimes, even, they occur in situations left bare at low tide. 

Along the shores of the Indian Ocean from southeastern Africa, Madagascar, 
and Mautitius to Suez, India, and the Malay Archipelago, along all the coasts of 
Australia, especially in the north, and thence northward to Fokien and southern 
Japan, littoral comatulids of many species are abundant, particularly on reefs and 
rocky shores, less commonly in sheltered situations and in eelgrass, though their 
occurrence is commonly more or less local, and they are frequently not to be found 
in apparently ideal places. 
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A few species have been found by shore collectors in New Caledonia, Lord 
Howe Island, Fiji, Samoa, the Marshall, Gilbert, Pelew, Caroline, Society, and 
Hawaiian Islands, but throughout Oceania they appear to be relatively rare. 

None are known from the Japanese coasts north of Tokyo Bay, from the 
Asiatic coasts north of Fokien, from the northern or eastern shores of the Pacific, 
or from New Zealand. 

In the Atlantic basin littoral crinoids occur from Scandinavia and Great 
Britain to the Gulf of Guinea, including the islands off the European and African 
coasts and the Mediterranean area (but not the Black Sea), and in the west from 
Florida to southern Brazil. But on the western shores, except for Tropiometra 
picta, they are extraordinarily rare, there being but six records—one from Ber- 
muda; one from the Tortugas, Florida; one from St. Thomas, Virgin Islands; one 
from Dominica; and two from Brazil. 

Of all the comatulids the preeminently littoral genus is 7’ropiometra, and 
wherever this genus occurs, from South Africa to Australia, Oceania, and southern 
Japan, and from the southern Caribbean to south Brazil and St. Helena, it is com- 
monly found along the shore, often in great abundance. In the western Atlantic, 
from Tobago, Trinidad, and Venezuela to southern Brazil, it is the only really 
common littoral form. 

A close second to Tropiometra is found in the genus Antedon, ranging from 
Scandinavia and Great Britain to the Gulf of Guinea, including the offshore islands 
and the entire Mediterranean basin, and also found from St. Thomas to Brazil, 
all the species of which occur along the shores, where they are often locally abun- 
dant. Only two specimens of the American species are known—one from shore 
collections at Rio de Janeiro, the other from shore collections at St. Thomas. 

In order to emphasize the importance of the comatulids as inhabitants of the 
present-day littoral the following list is given of the species which have actually 
been taken by shore collectors. A comparison between this list and a similar list 
containing the names of the species from any one geological horizon is very 
instructive. 

COMASTERID: 
CAPILLASTERIN Z— 
Comatella nigra, CO. stelligera, C. maculata. 
Capillaster macrobrachius, OC. sentosa, C. marie, OC. clarki, C. multiradiata, C. cocco- 
distoma. 
Nemaster iowensis, N. irregularis, N. lineata, 
Leptonemaster venustus. 
Comissia pectinifer, C. littoralis, C. chadwicki, O. hartmeyeri, C. ignota. 
CoMACTINIINE— 
Comatulella brachiolata. 
Comatula rotalaria, C. cratera, C. solaris, OC. pectinata, C. purpurea. 

COMASTERIN 2-— 

Comaster belli, OC. noveguinee, C. gracilis, OC. multifida, C. multibrachiata, C. 
schdnovi. 

Comantheria alternans, 0. briareus, 0. magnifica, O. rotula, C. grandicalya. 

Comanthina schlegelii. 

Comanthus bennetti, C. pinguis, C. japonica, C. solaster, O. trichoptera, CO. samoana, 
C. wahlbergii, C. annulata, C. parvicirra. 
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ZYGOMETRID: 
Zygometra microdiscus, Z. elegans, Z. comata, Z. andromeda. 
HIMEROMETRID#: 
Himerometra persica, H. bartschi, H. magnipinna, H. robustipinna, H. martensi. 
Craspedometra acuticirra. 
Heterometra quinduplicava, H. savignii, H. nematodon, H. variipinna, H. producta, H. 
crenulata, H. philiberti, H. flora, H. africana, H. schlegelii, H. singularis, H. amboine, 
H. joubini, H. gravieri, H. ater, H. madagascarensis, H. reynaudii, H. aspera, H. bengal- 
ensis, H. affims. 
Amphimetra spectabilis, A. molleri, A. parilis, A. jacquinoti, A. pinniformis, A. milberti, 
A, ensifer, A. levipinna, A. papuensis. 
STEPHANOMETRID#: 
Stephanometra echinus, S. tenuipinna, 8. spinipinna, S. monacantha, 8S. indica, 8. spicata, 
8S. oxyacantha, 
MARIAMETRID: 
Pontiometra andersoni, 
Oxrymetra erinacea, O. finschii. 
Liparometra articulata, L. regalis. 
Lamprometra protectus, L. palmata, L. gyges. 
Dichrometra déderleini, D. bimaculata, D. flagellata, D. afra. 
COLOBOMETRIDA: 
Cenometra bella, CO. brunnea, C. emendatriz. 
Petasometra clare. 
Cullometra disciformis. 
Decametra tigrina, D. mollis, D. taprobanes, D, arabica, D. levipinna, D.. brevicirra, 
D. modica. 
Colobometra perspinosa, C. vepretum, C. discolor, C. diadema. 
Cotylometra gracilicirra. 
Oligometra imbricata, O. serripinna, O. occidentalis, O. chinensis, O. japonica, O. caledonia. 
Oligometrides adeone. 
TROPIOMETRID: 
Tropiometra macrodiscus, T. afra, T. audouini, T. carinata, T. indica, T. encrinus, T. picta. 
THALASSOMETRID#: 
THALASSOMETRIN Z— 
Daidalometra arachnoides, 
ANTEDONIDA: 
ANTEDONINZ=— 
Mastigometra flagellifera, M. micropoda, M. pacifica. 
Euantedon tahitiensis. 
Antedon petasus, A. bifida, A. hupferi, A. moroccana, A. diibenii, A. mediterranea, 
A. adriatica. 
Compsometra lovéni, 0. serrata. 
Torometra paupera. 
Dorometra mauritiana, D. parvicirra, D. nana. 


In addition to these 152 species, specimens of which have actually been 
captured along the shore line, it is probable that in the future all or most of 
the following will also be found there. 


COMASTERID2: 
CAPILLASTERIN — 
Comatella decora. 
Oapillaster gracilicirra, C. tenuicirra. 
Comissia peregrina, C. liitkeni, C. horridus, C. hispida, C. spinosissima, C. spanoschistum. 
Comatonia cristata, 
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COMASTERIDA!—Continued. 
CoMACTINIIN Z— 
Comatula etheridgei, C. tenuicirra. 
Comactinia meridionalis. 
CoMASTERIN &— 
Comaster siboge, O. fruticosus, CO. taviana, C. pulcher, CO. parvus, O. delicata, C. dis- 
' tincta, C. serrata, C. minimus. 
Comantheria polycnemis, C. weberi, C. intermedia, C. imbricata. 
Comanthus benhami, C. novezealandie, C. plectrophorum, 
ZYGOMETRIDA: 
Zygometra punctata, 
Catoptometra magnifica, C. rubroflava. C. hartlaubi, C. ophiura. 
Budiocrinus junceus, BE. pinnatus, H. variegatus, EH. venustulus, EH. serripinna, H. ornatus, 
EB. gracilis, B. indivisus. 
HIMEROMETRID: 
Himerometra sol. 
Heterometra propinqua, H. pulchra, H. compta. 
Homalometra denticulata. 
MARIAMETRIDZ: 
Ozxrymetra tenuicirra, O. aranea. 
Liparometra grandis, 
Dichrometra tenuicirra, D. dofleini, D. ciliata. 
?Mariametra vicaria, 7M. subcarinata, ?M. tuberculata, ?M. delicatissima. 
COLOBOMETRIDZ: 
Cenometra cornuta, C. unicornis, C. delicata. 
Petasometra helianthoides. 
Cyllometra gracilis, C. albopurpurea, C. manca, C. soluta, 
Decametra mylitta, D. alaude, D. studeri, D. informis, D. parva, D. minima. 
Colobometra suavis. 
Prometra owstoni, P. longipinna, P. chadwicki, P. intermedia. 
Cotylometra ornata. 
Oligometra erinacea, O. carpenteri, O. electre. 
Analcidometra armata. 
THALASSOMETRIDA: 
PTILOMETRIN Z&— 
Ptilometra miilleri, Pt. macronema. 
ANTEDONID: 
ANTEDONIN A— 
Euantedon moluccana, E. sinensis. 
Compsometra iris. 
Hybometra senta. 
Dorometra gracilis, D. briseis, D. egyptica, D. elymene. 
Andrometra indica, A. psyche. 


Thus while 152 comatulids are actually known to live along the shore, 93 
more undoubtedly also occur there, so that we are justified in assuming 245 littor al 
species among’ the forms already described. 

Of fee 245 species 226 are from the Indo-Pacific region (including north- 
ern Australia and Oceania), 8 are from the region between Bermuda and Florida 
and Brazil, 6 are from the northeastern Atlantic (north of the Gulf of Guinea), 
and 4 are from southern Australia. 

Species found swimming at the surface—The young of two comatulids, Coman- 
thus parvicirra and Dorometra nana, have been taken swimming at the surface in 
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quiet anchorages. It is quite probable that the young of many species display 
considerable activity for a longer or shorter period between the time the column 
is discarded and the assumption of the adult habit of life. 

Species found between tide marks —At King (Padaw) Island, in the Mergui 
archipelago, Dr. John Anderson collected a dozen examples of Amphimetra dis- 
coidea, half of them from mud flats exposed at spring tide. 

Mr. Cyril Crossland found Lamprometra palmata living between tide marks 
at Suez. 

On the sand flats on the southern side of Friday Island, Torres Strait, at low 
tide, Dr. H. L. Clark collected a single specimen of Zygometra punctata. 

Prof. S. J. Hickson told me that at Macassar he was surprised to see comatulids 
at low tide clinging to the piling of the wharves above the surface of the water. 

Dr. H. L. Clark writes that at Buccoo Bay, Tobago, Tropiometra picia occurs 
in water from a few inches to several feet in depth at low tide, and that at the 
lowest tides some individuals are probably out of the water, in part at least, for a 
short time. 

It is only reasonable to suppose that all the species inhabiting coral reefs or 
other localities where the water is very shallow at low tide are occasionally left dry. 

Species found on coral reefs—The following species have been reported by 
shore collectors from coral reefs: 

Comatella nigra, C. stelligera, C. maculata. 

Capillaster sentosa, C. multiradiata. 

Comissia littoralis, C. hartmeyeri, C. ignota. 

Comatula pectinata, C. purpurea, C. solaris. 

Comaster noveguinec. 

Comanthus samoana, C. annulata, C. parvicirra. 

Stephanometra echinus, S. spicata, S. monacantha, S. indica. 

Liparometra regalis. 

Lamprometra protectus, L. gyges, L. palmata. 

Dichrometra flagellata, D. afra. 

Cyllometra disciformis. 

Colobometra perspinosa. 

Oligometrides adeone. 

Tropiometra afra, T. carinata, 7. indica, T. audouini, T. picta. 

Antedon moroccana, A. diibenii. 

Dorometra nana, 

In addition to these the records of capture of a very considerable additional 
number make it reasonably certain that they were taken on coral reefs. 

As a general rule the reef-inhabiting species choose more or less protected 
situations, living on the lower surfaces of rock masses, in the cavities of the coral 
heads and sometimes of large sponges, or among the branches of the arborescent 
corals; but certain species provided with strong stout cirri frequently occur cling- 
ing to gorgonians, hydroids, or bryozoans. 
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The position of the ventral surface appears to be a matter of complete in- 
difference; it is rarely horizontal, and if so, is as often directed downward as 
upward. 

On the reefs it has been observed that the crinoids usually occupy restricted 
localities and are not by any means universally present. Thus at Maér Island, 
Torres Strait, Dr. H. L. Clark found them on different parts of the reef flat; but 
except for the ubiquitous Comatula purpurea they were virtually confined to the 
southern and eastern side of the island. They were usually in water not less than 
2 or 3 feet deep at low tide, but occasionally when the tide was very low they were 
in water only a few inches deep. 

Comatulids have been reported, in very varying abundance, from a large num- 
ber of reefs all over the Indo-Pacific region, from southeastern Africa, Mada- 
gascar, and Mauritius to the Red Sea, and eastward to northern Australia and 
Oceania; but they occur in the greatest variety and abundance on the reefs of 
northern Australia and the Malayan region, including western Oceania. 

On the reefs in the Atlantic they are very rare, both on the eastern and western 
shores, having been recorded from only about a dozen widely separated localities 
(including St. Helena), in all cases but two (St. Helena and Rio de Janeiro) only 
once, and in all cases but one only a single species was reported. 

In water of a few fathoms’ depth along the outer side of the reefs comatulids 
often occur in very great variety and abundance, and it is in such situations that 
the large multibrachiate species are found.. Thus the littoral reef fauna is, prop- 
erly speaking, the upper fringe of a much more extensive fauna existing from the 
shore line down to between 20 and 30 fathoms. 

It is understood that the term reef as used above is employed in a somewhat 
broad sense. In most cases it refers to the “ coral” reefs properly speaking, but in a 
few cases the reefs are of volcanic rock, with a superficial and sparse and often 
restricted growth of coral. 

In many places in the Mediterranean and Adriatic and in a few localities on 
the Atlantic coast of Europe Antedon occurs on partially submerged ledges and 
along rocky shores which are more or less furnished with a heterogeneous growth 
of marine organisms. 

Occurrence of comatulids among seaweeds.—In certain places on the Atlantic 
coasts of Europe Antedon bifida occurs in considerable numbers among the roots 
of rockweed. 

Dr. L. E. Griffin reports an unidentified species from Culion, Philippine 
Islands, as being a very active swimmer and as living among the eelgrass. 

At Tobago Dr. H. L. Clark found that the bottom frequented by Tropiometra 
picta is made up largely of Porites fragments, usually more or less covered by a 
growth of Corallina and Halimeda, scattered over it there is also a sparse growth 
of short eelgrass (Zostera). Sometimes the bodies of the animals are more or less 
completely shaded by a clump of eelgrass or seaweed, but this is not usually the 
case. Generally the individuals are solitary, but occasionally five or six may be 
found about a single clump of Porites or of eelgrass. 
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Occurrence of comatulids in half submerged caves—In the Tropics half sub- 
merged caves, on account of the protection which they afford against the brilliant 
glare of the tropical sun, often form extraordinarily rich nurseries for many types 
of marine organisms, and comatulids have occasionally been found to be abundant 
in such situations. 

Absence of comatulids from rock pools—It might be expected that rock pools 
would offer very favorable conditions for comatulid existence, but they are seldom 
or never found in such situations, preferring always open water. 

Occurrence of comatulids beneath stones—In southeastern Australia and in 
southern Japan the local species of Compsometra, which are very small, are fre- 
quently found beneath stones along the low-tide mark. 

In Europe An¢edon often occurs similarly, and is very prone to withdraw into 
deep recesses, where individuals often grow to an unusually large size. 

Occurrence of comatulids on piling—In many East Indian harbors where the 
water is especially pure comatulids are frequently seen clinging to the piling of the 
wharves and docks, and to the chains and under sides of buoys. 

In some places in the Mediterranean and on the Atlantic coasts of Europe 
Antedon has been found in similar situations. 

Breakwaters—It has long been known that the seaward side of breakwaters 
in the Indo-Pacific region and in the Mediterranean basin is a favorite habitat for 
comatulids, especially of the smaller species. The outer side of a breakwater is 
quite comparable to the outer side of an exposed ledge or reef. 

Occurrence of comatulids on mangrove roots—The only comatulid which Dr. 
Th. Mortensen collected in the course of his investigations in Siam, Amphimetra 
discoidea, was found clinging to mangrove roots. 

Occurrence of comatulids on mud—Comaster noveguinee, Amphimetra dis- 
coidea, and A. papuensis have been taken on muddy bottoms in sheltered situations, 
a very unusual habitat for littoral crinoids. 

Possible occurrence of a comatulid on sand —On the sand flat on the southern 
side of Friday Island, Torres Strait, Dr. H. L. Clark picked up a specimen of 
Zygometra punctata. It is not quite clear from his account whether the animal 
was actually living there, or whether it had been washed up; the latter is more 
probable. 

Occurrence of Antedon bifida at Roscoff—The best account of the occurrence 
of Antedon bifida as a strictly littoral animal is that given by Prof. H. de Lacaze- 
Duthiers outlining the status of that species at Roscoff as he knew it there. 

Describing the locality he writes that the port of Roscoff, situated at the 
northern extremity of a broad tongue of land which projects northward into 
the English Channel between the rivers of Morlaix and St. Pol-de-Léon on the 
east and the Bay of Pouldu on the west, is protected by numberless reefs, bare 
at low tide, on which the zoologist can collect the most varied animal types. 
Moreover, the Gulf Stream, which bathes these coasts, gives to these regions 
a temperature which is in a high degree suited to the development of the animals. 

To the north Bass Island, a long strip of land granitic like the other rocks, 
runs east and west, forming a barrier against the waves of the open sea and pro- 
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tecting the channel between itself and Roscoff. As a result of these conditions 
the littoral fauna is here particularly rich. 

For two years in succession (in 1868 and 1869) he passed a part of the summer 
engaged in zoological research in this locality, one of the richest on the French 
coast. 

At low tide when one goes directly northward down from the Roscoff church 
to the beach one sees ahead large granitic peaks, which, never covered by the sea, 
form islets even at the highest tides. At the east and at the right are the two 
Bourguignons, at the west and left Green Island, and more distant in an easterly 
direction some rocks covered at high tide among which are Meinanet and Rolas. 

Between these reefs and in the channel the low tide exposes broad and beautiful 
fields of eelgrass (Zostera) and sandy areas covered with stones, both of which are 
inhabited by numerous species of animals, by a great variety of ascidians, both 
simple and compound, by bryozoans, sertularians, sponges, especially calcareous 
sponges, echinoderms, synaptas, lucernarians, caryophyllias, numerous actinians, 
planarians, borlasias, very numerous naked and shell-bearing mollusks, ete., which 
abundantly compensate the zoologist for the difficulties encountered in searching 
the shores. 

The two zones which the alge habitually occupy, the higher characterized by 
Fucus vesiculosus and F’. serratus and the lower by Laminaria, are at Roscoff 
sharply separated by Himanthalia lorea, which in this region is used, under the 
name of fiber, as manure for vegetables. The Himanthalia zone is uncovered at the 
spring tides, but is not entirely dry except at the lowest water, when the Laminaria 
below is itself accessible. This description of the local conditions is necessary, 
for one has no idea of the difficulties attending a zoological reconnaissance over 
the rocks covered with Himanthalia until one has become entangled in these long 
bundle of lacerating fronds which conceal the holes among the rocks and slip 
away so easily from beneath one’s feet. Almost nothing can be obtained here, 
for progress is not only extremely difficult, but becomes even dangerous on account 
of the numerous tumbles. 

In the Laminaria zone the search for animals is at the same time easier and 
more productive; but the point of especial interest is the presence of this seaweed 
in the Himanthalia zone and the curious fact that this plant sometimes abandons 
the deeper levels and rises for a considerable distance toward the high-tide mark. 

At the lowest tides the water flowing from the land excavates channels in 
the sandy patches and in the grassy areas, forming streamlets which are often 
of considerable size and swiftness. West of Green Island and the Bourguignons 
these channels are numerous, and it is in them that the seaweed ascends and where 
the pentacrinoids of Antedon are found abundantly. If in these streamlets at low 
tide the ramifying roots of the seaweed are detached, the bushiest ones being 
chosen and pulled out close to the ground, it is almost certain in the months of 
July and August and in the beginning of September that pentacrinoids will 
be found. 

When the roots of the seaweed are much branched the rootlets by their rami- 
fications form a bushlike growth in the midst of which Antedon bifida is especially 
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fond of living. Among these rootlets also ascidians, sponges, sertularians, and 
bryozoans are so numerous that each root yields quite a collection in itself. 
Antedon is sometimes present in such quantities that, by wrapping its arms about 
them it almost by itself alone gives color to the stems, and as it occurs in all 
possible sizes this seems to be a situation especially suited to its development. 

With this thought in mind, Professor de Lacaze-Duthiers undertook a search 
for the pentacrinoids, and his anticipations were immediately realized; eyen on 
the beach itself he was able to collect very fine specimens. But he found it more 
convenient to carry away the roots covered with Antedons and to search through 
them in the laboratory with a magnifier under water. In this way he found penta- 
crinoids of all ages. He kept them alive for some time, and was able to observe 
their metamorphosis. They cast off the column characteristic of the crinoidal 
form, became free, and mingled with the adult and adolescent Antedons, from 
among which it became impossible to distinguish them. 

In order to verify the observations of Sir Wyville Thomson and Dr. W. B. 
Carpenter, MM. Lemire and Myévre, after having worked a long time in the labo- 
ratories of Professor de Lacaze-Duthiers under his direction, both at the Museum 
of Natural History and at the Sorbonne, on his advice went to, Roscoff. 

M. Lemire did not leaye Roscoff until after the spring tide at the beginning 
of October, and at that time he was no longer able to find pentacrinoids; already 
in September their number had appeared to be perceptibly reduced, although a 
great many Antedons could still be found. M. E. Grube, of Breslau, who had come 
at the instigation of Professor de Lacaze-Duthiers at the commencement of Sep- 
tember and whom he had the pleasure of conducting along the shores not only 
of Roscoff but also of St. Pol-de-Léon, to which place they made numerous 
excursions together, was able to confirm this. 

Therefore it appears that the pentacrinoids can be found with certainty only 
in the summer months. 

About Roscoff pentacrinoids are very restricted in their occurrence. Prof. 
de Lacaze-Duthiers in his excursions in the neighborhood of Roscoff, for example 
to Kainou, a plateau of rocks situated southeast of Sainte Barbe in the river of 
St. Pol-de-Léon, which is not uncovered except at the lowest tides, to the north 
of Thizaouson, to the west of the fort of Perharidi and of the Roche du Loup, 
never found them, although seaweed abounds at almost all these localities. The 
conditions peculiar to the streamlets sheltered behind Green Island are there- 
fore without doubt the most favorable for the spawning of Antedon and for the 
development of the young. 

Prof. Charles Gravier tells me that the relative abundance of Antedon bifida 
on the French coasts is subject to great variations; in some years they are very 
common, while in others they become rare. 

Prof. F, J. Bell in his account of the comatulids of the Maldive and Laccadive 
Islands states that they seem especially to frequent the inner ends of the passages 
where they embouch into the lagoons. 
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Dr. H. L. Clark made extensive observations on the power of locomotion 
shown by a number of comatulids which he studied at Maér Island, Torres Strait, 
and from his account the following is taken almost verbatim: 

He says that to speak of the methods of locomotion in crinoids, or even in 
comatulids, is like speaking of locomotion among birds, in that there is as much 
difference between different kinds of comatulids as between different kinds of 
birds, and as birds may either fly or run preponderatingly, so comatulids may . 
either commonly swim or creep. 

So far as the species studied at Maér are concerned, the Comasteride are 
creepers, while the other families represented there are swimmers. It was a sur- 
prise and disappointment to discover that none of the common comatulids would 
swim, even in the deep water by the live car, so that it was not possible to make 
the observations and experiments with reference to the swimming of comatulids 
which he had planned. When any of the species of the Comasteride were placed 
in the water beside the live car, they invariably sank to the bottom (about 20 
feet). In the case of Comatella maculata it was noted that, as a rule, the indi- 
vidual would close the arms orally and vertically over the disk, so that it sank 
almost like a stone. As soon as it touched bottom the arms were opened out and 
the animal began to creep. In the other species, however, the arms were not 
closed up, and so the comatulids floated downward to the bottom much more 
gradually. With one exception, all efforts to induce swimming movements of the 
arms in a comasterid completely failed. 

In no case when the individual was on the bottom did mechanical stimulation 
result in any attempt to swim, or in accelerated movements of any kind. Suspend- 
ing specimens in the water by means of a slender thread gave no results; the arms 
moved about slowly and with no coordinated effort, and with no resulting loco- 
motion. Several individuals were provided with cork floats so attached as not 
to interfere with their arm movements, but, with the one exception already referred 
to, none of them made any effort to swim. The one exception was a small 
Comatella maculata, which, after wearing the cork float in the live car for 24 
hours, was dropped into deep water. It immediately began swimming, but spas- 
modically and not in the beautifully coordinated manner of a Stephanometra. 
Apparently these comasterids do not, under normal conditions, swim at all, but 
could with sufficient effort be taught to do so. 

On the other hand, all of the species of the other families of comatulids 
observed at Maér are good swimmers and do not creep about as the comasterids 
do. They are usually found at rest on the lower side of rock fragments or on 
a branch of coral with the arms more or less erect, but sometimes the arms are 
opened out flat against the rock. They maintain their position by means of the 
cirri, with which they often cling so tightly that it is difficult to dislodge them 
without damage. Under no conditions did they seek to escape by swimming, but 
when once dislodged swimming seemed to be their only means of locomotion. 
Placed in a basin or a deep bucket of sea water, a very slight mechanical stimulus 
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served to set them in motion, and swimming continued for a more or less brief 
interval, varying greatly with different individuals. It seemed as though the 
frequent contact with the side of the basin or pail served as a deterrent, and Dr. 
Clark thinks that they would undoubtedly have gone a greater distance in open 
water. Nevertheless, it was clear that the individuals observed were “sprinters” 
and not long-distance swimmers, the movements being more like the flitting of 
small birds in shrubbery than like long-sustained flight. The gracefulness and 
beauty of the movements were their most notable feature, but their rapidity and 
force were also remarkable. 

In the 10-armed specimens swimming was accomplished by using the arms 
in sets of five alternately, so that when arms 1, 3, 5, 7, and 9 were brought up 
almost vertically over the disk, arms 2, 4, 6, 8, and 10 struck backward forcibly, 
with pinnules fully extended, until they nearly met behind the cirri. Only a 
single stroke was made, but as arms 2, 4, 6, 8, and 10 were relaxed and drawn 
in and upward over the disk another stroke was made by the alternate five arms. 
Of course, the movement was much more rapid than a description indicates, but 
it decreased in rapidity as the comatulid became fatigued. At the start the 
strokes were at the rate of perhaps 100 a minute, but they rapidly dropped to 
much less than that and usually ceased altogether in less than a minute. Each 
stroke appeared to carry the individual about the length of its own arms, so that 
an individual with arms 50 mm. long started out at the rate of about 5 meters 
a minute. But the longest distance any specimen was seen to travel continuously 
was less than 3 meters. 

In the multibrachiate Stephanometride and Mariametride the movements 
were very similar, but exceedingly difficult to analyze satisfactorily. The arms 
seemed to be used in sets of five in rapid succession. That is, supposing the indi- 
vidual had 40 arms, the first stroke would be given by arms 1, 9, 17, 25, and 33, 
followed almost immediately by 2, 10, 18, 26, and 34, then 3, 11, 19, 27, and 35, 
and so on until the eight sets had been used, when the first set would come into 
action again. Not so great a part of each arm is used as in the 10-arm species, 
and the stroke does not carry the arm so far back, but the movements are so rapid 
and the similarity of the arms to each other is so confusing that it is almost impos- 
sible to feel sure that one has made no mistake in the analysis of the method of 
progression. While the swimming is perhaps just as graceful as that of the 
10-armed species, when contrasted with their movement it is reminiscent of “ dog- 
paddle” swimming as compared with the usual stroke. No satisfactory data were 
secured regarding the speed of, or distance covered by, the multibrachiate species. 

The creeping movements of the Comasteride are neither so graceful nor so 
well coordinated as the swimming movements just discussed. The comasterids 
usually live in the open spaces among branching corals or on the lower side of 
large fragments of rock or coral, with their arms extended and floating listlessly 
in the water. More or less constantly, but irregularly, the arms bend inward 
toward the mouth, the tips just brushing the disk and the arm bases. While these 
movements may be connected with feeding, it was not possible to determine what 
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the connection is. One may perhaps hazard the guess that they keep the ciliated 
grooves from becoming clogged up. 

If the coral is broken away or the rock fragment turned over so that the 
comatulid is exposed, the animal begins at once to move. In the species with well- 
developed cirri, notably in 7’ropiometra afra, the position is maintained by means 
of them, but they apparently do not play any important part in locomotion. One 
might suppose that they would be of some use either in pulling or pushing, but 
there never was the least indication of movement on the part of the cirri in any 
of the species observed. In the species in which cirri are feebly developed or quite 
wanting the position is maintained by the use of some of the arms. It seemed to 
be usually the shorter arms that were so used, but under laboratory conditions none 
of the arms remained still for a long period, and while it would seem quite likely 
that the shorter arms are constantly used as anchors, evidence on the point is not 
satisfactory. 

Creeping is a rather complex movement, a combined pulling and pushing. 
Certain arms, usually three or four, but sometimes as many as seven, are stretched 
out to their full extent and the pinnules of the terminal portion catch hold of any 
available projections. This attachment is not only by the use of the minute hooks 
which are found at the tips of the pinnules, but by the remarkably viscid nature 
of the secretion from the glands in their epithelium. The degree of viscidity 
varies in the different species, and more or less in individuals. It is least notice- 
able in 7'ropiometra afra, and hardly more so in Comatula purpurea. It is most 
marked in Comaéella stelligera and in some individuals of Comanthus annulata. 
Thanks to this viscidity locomotion is possible even on very smooth surfaces, such 
as that of an enamel-ware basin. It is, however, difficult on loose sand. Rock 
surfaces and tightly packed sand are the most satisfactory for permitting the 
pinnules to function successfully. When the pinnules of the extended arms have 
taken a hold, or perhaps while they are taking hold, three or more arms on the 
opposite side of the body are drawn up in a strongly arched position and their 
widespread tips are closely appressed to the bottom very near the disk. Then 
when the extended arms, having secured their hold, begin to contract and pull the 
animal toward the place of attachment, the arched arms begin to straighten out 
and push the animal in the same direction. The result is a movement more or less 
marked according to the character of the bottom and the size of the comatulid. 
The total movement may be from one-eighth to one-quarter of the arm length. 
The process is continually repeated, and, with very slight resting periods, may be 
kept up for hours. 

Doctor Clark found that, on the whole, Comatella maculata and the adults of 
Comatula purpurea were the most active, and were rarely at rest in aquaria. A 
specimen of Comatella maculata with arms about 75 mm. long traveled approxi- 
mately 85 mm. a minute and continued to go around and around a large basin for 
several hours. It probably traveled about 40 meters an hour, but on a natural 
surface, such as the reef would afford, it would be able to do better than that. 

In comatulids with approximately equal arms there was no evidence of any 
orientation, one group of arms being quite as likely to be in advance as another. 
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Such individuals altered the direction in which they traveled simply by changing 
the groups of arms which were to be extended. 

In adult Comatula purpurea, in which the anterior arms are very much longer 
than the dwarfed posterior, observations on the reef, at the live car, and at the 
laboratory showed that there is more or less definite orientation. Under ordinary 
conditions the long arms are extended in locomotion, and hence are anterior, while 
the short arms do the pushing, and hence are posterior. The mouth is at the base 
of the longer arms, and hence is at the anterior side of the disk. 

If locomotion in a given direction were prevented the comatulid never re- 
versed its movement, using the short arms to pull and the long ones to push, but 
gradually swung itself around until ultimately the long arms were in advance. A 
considerable number of experiments and observations showed that the mechanism 
for orientation was not by any means perfectly adjusted, for an individual would 
often go for some distance with the longest arms at one side, or only partially in 
front. Nevertheless it was clear that long arms in front, short arms behind, gave 
the normal method of progression. 

Doetor Clark remarks it may be a fair inference that the asymmetrical condi- 
tion of the arms is the result of selection, since it is possible that long arms would 
be better for pulling and short stout arms for pushing; but it is no doubt true that 
there are very diverse interpretations of the matter possible. 

Locomotion in all the comatulids observed at Maér, whether swimming or 
creeping, invariably takes place with the oral surface uppermost. If dropped in 
deep water with the mouth down they commonly righted themselves before reach- 
ing the bottom. If not, or if placed on the bottom with the mouth down, they 
slowly but surely turned over before attempting to either swim or creep. The 
process of turning over is essentially the same as in a starfish; that is, a group of 
arms begins the task and continues gradually lifting up one side until the arms 
of that side can be bent back far enough over and beyond the aboral surface to 
secure a hold. Then by their pulling, and the pushing of the arms opposite to 
them, the disk is righted. The process seems a tedious one and is probably not 
often necessary in the normal life of comatulids on the reef. 

Particularly interesting is the question of how much these comatulids move 
about under the natural conditions of their life, but no satisfactory evidence 
on the point was secured. 

On one occasion a dozen healthy comatulids of four species were “ planted” 
on a part of the reef where no crinoids were living. ‘Twenty-four hours later 
they had all disappeared, and no trace of them could be found in the neighbor- 
hood. But as there had been a strong wind and much surf during the night 
they may have been simply swept away. 

On another occasion 10 large comatulids were carefully located around the 
margin of a rock fragment about a meter in diameter. Circumstances, including 
unfavorable tides, made it impossible to visit the spot again for a week. Then 
it was found that more or less sand had washed in around the rock, and the 
comatulids were apparently gone, but again there was doubt what part the surf 
and strong tidal currents may have played. 
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Crinoids dropped beside the live car on reaching the bottom began at once 
to move away and continued moving, usually in a fairly straight line, until they 
reached a rock beneath which they could find shelter; but it was not possible to 
determine their ultimate resting place. 

Professor Semper, who while living in the Philippines kept various species of 
Comasteride in his aquaria for weeks together, informed P. H. Carpenter that he 
never saw the least trace of any irregularity in the alternating movements of their 
arms when swimming, which would imply that they swam more or less frequently ; 
and the West Indian Comactinia and Nemaster are said occasionally to swim. 

Doctor Clark also studied the locomotion of Tropiometra picta at Buccoo 
Bay, Tobago. He says that, like most of the comatulids hitherto studied, this 
species is exceedingly sluggish. So far as his observations go, it never swims. 
Dropped or suspended in deep water, it makes only the most feeble arm move- 
ments, and unless artificially prevented it sinks rapidly to the bottom. 

When, as a result of some adequate stimulus, it does move, the movement 
is similar to that of Comanthus,; that is, it is accomplished solely by means of the 
arms, and no particular arms take precedence. In one respect the attitude differs 
from that of Comanthus, for the body is much more distinctly raised. This is 
obviously to keep the cirri wholly above the substratum and thus prevent their 
accidentally catching on it. The movement is always slow and labored and does 
not continue long. When overturned so that the cirri are uppermost a normal 
healthy individual invariably rights itself at once, sometimes only very slowly 
and deliberately but usually without delay. The process is, as in other comatulids, 
by several arms raising up their side of the body until one or more of them, or 
some of the neighboring arms, can reach over backwards and secure a hold which 
will enable them to pull the body over. The cirri play no part whatever in this 
process, any more than in actual locomotion; they are very inert, move slowly 
and slightly, and are used only as organs of attachment, a purpose which they 
serve admirably. The pinnules, even near the tip of the arm, have only weakly 
hooked tips and are but slightly viscid, and it is consequently difficult for the 
animal to move or even to right itself except on a rough and rather firm surface. 

No individuals were seen moving about under normal conditions, but when 
placed on a bare sandy bottom they crept steadily to its margin of coralline alge. 
Many specimens were planted on the reef flat near the laboratory, and most of 
these ultimately disappeared, but whether they crept away or were carried off by 
tidal movements it is impossible to say. 

On two oceasions during the cruise of the Siboga in the East Indies the 10- 
armed young of Comanthus parvicirra were captured at the surface—once at the 
anchorage off North Ubian, and once in a plankton haul on the south side of the 
pearl bank in the Sulu Archipelago. It would appear, therefore, that in this 
species, as apparently in all comatulids, the young are much more active than the 
adults, and also that the 10-armed young of multibrachiate types are as good swim- 
mers as the young of the normally 10-armed Antedonine. 
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While the Aléatross was anchored off Sulu a young Dorometra nana of about 
half the adult size was captured at the surface. It was said to have been swim- 
ming entirely by means of its cirri, with the arms widely extended. 

John Vaughan Thompson was the first to describe the locomotion of Antedon 
bifida. Ue says that in swimming the movements of the arms exactly resemble 
the alternating stroke given by the meduse to the liquid element, and has the same 
effect, causing the animal to raise itself from the bottom and to advance, back 
foremost, even more rapidly than the medusa. He speaks of Antedon as an animal 
not only free, but leading the most vagrant life of any of the tribe with which it 
has hitherto been associated by naturalists, at one time crawling about amongst 
submarine plants, at others floating to and fro, adhering to thin fragments by 
means of its dorsal claspers, or even swimming about after the manner of the 
medusee. 

But of all the naturalists who have written on these animals Thompson is the 
only one who considered Antedon as normally active. All of the species of this 
genus appear to agree in their habits, of which the best account is that given by 
Dr. W. B. Carpenter, based upon Antedon bifida. 

Doctor Carpenter says it is quite true that, as stated by Mr. J. V. Thompson, 
and confirmed by Prof. Edward Forbes, an Antedon placed freely in water will 
swim with considerable activity, moving back foremost by advancing five arms at 
a time, and then the alternative five; in fact, he did not know any animal of which 
the movements are more graceful than those of the feather-star. But he is quite 
satisfied from repeated observations that these movements are not habitual to the 
animal and are to be regarded only in the light of a restless search after a new 
attachment, being kept up no longer than is requisite for obtaining this. 

If an Antedon be placed in a large basin of sea water having smooth sides 
and not containing any object of which the cirri can lay hold, the swimming 
action may continue (with occasional intermissions) for several hours. But if 
a rough angular stone, a seaweed, a zodphyte, a cluster of serpule, or anything 
to which the dorsal cirri can attach themselves, be placed in the basin, the Antedon 
settles itself upon this, and if the attachment proves suitable the creature seldom 
changes it. 

Doctor Carpenter kept a number of Antedons for several weeks together in 
the same aquarium without any other animals, and he observed that the places of 
individuals which he could distinguish by some peculiarity of color were scarcely 
at all altered during the whole period, the amount of change, in fact, being little 
more than would have been exhibited by an equal number of actinians. One fine 
specimen he particularly noted as having firmly attached itself by the grasp of its 
dorsal cirri to the tube of a Serpula, and this it did not let go during the whole 
time of its captivity. 

Doctor Carpenter says that as regards the ordinary fixedness of its position 
the condition of the adult Antedon only differs from that of its pentacrinoid larva 
in that whereas the latter necessarily remains fixed to the spot to which the base 
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of its pedicel was originally attached, the former can quit its hold when its attach- 
ment is no longer suitable to its requirements, and can move from place to place in 
search of another. How intimate, moreover, is the fundamental relation between 
the dorsal cirri of the adult Antedon and the column of its pentacrinoid larva 
further appears from’ the fact that the cirri only make their appearance in the 
later part of the pentacrinoid stage in preparation for that detachment of the 
crown from the column which thenceforth changes the condition of the animal from 
the fixed to the free. 

Doctor Carpenter summarizes the results of his observations as follows: The 
life of the adult Antedon is habitually passed (1 feel justified in asserting) so 
nearly in the same degree of fixedness as that of its pentacrinoid larva that it may 
almost equally be regarded as representing the life of the typical Crinoidea. If 
the creature ever quits its attachment, save on account of the unsuitableness of its 
position, it is probably during the period of sexual activity, at which it seems more 
frequently errant than at any other stage of its life except the earliest. 

Mr. Herbert C. Chadwick, who has enjoyed altogether exceptional opportuni- 
ties for observing Antedon bifida at the Isle of Man, agrees with Carpenter. He 
says that Antedon is not usually an active animal; by means of its cirri it clings 
tenaciously to stones, algw, hydroids, ete., the arms being widely spread hori- 
zontally, with the tips more or less flexed toward the disk. When disturbed it 
swims actively and with strikingly graceful movements, the two arms of each pair 
being invariably flexed and extended alternately. 

He also says that it is often found clinging by means of its cirri to the wicker 
creels used by fishermen for the capture of lobsters and crabs. The fishermen state 
that specimens are always more numerous on the creels after stormy weather. 

In a letter to Mr. Frank Springer, dated September 6, 1900, Mr. Alexander 
Agassiz wrote: 

I take it you know that Comatule are excellent swimmers, striking out with their arms 
and moving about from point to point in Gorgonia groves. It is not uncommon to see a number 
swimming in a school among the Gorgonias. 

In a letter to Dr. H. L. Clark, Dr. L. E. Griffin, of the Bureau of Science, 
Manila, said: 

I saw in Science that you discovered crinoids swimming at Maér. One I sent you from 
Culion was a very active swimmer and lived among the eelgrass. We have often seen them 
swimming in the Philippine Islands. 

In recently captured individuals of Antedon adriatica Reichensperger in rare 
cases observed a sort of slow progress by means of slow movements of the cirri, 
assisted by similarly slow movements of the arms. The tracks made by the cirri 
in fine sand were afterwards clearly visible. 

In 1866 Jeffreys mentioned that specimens of Leptometra celtica had been 
found clinging to the rope of a dredge some distance above the end, and in 1895 
Bather suggested that these individuals may have been swimming about and there- 
fore may have attached themselves to the rope as it passed by. 
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Prof. A. Milnes Marshall, who studied Antedon mediterranea at Naples, says 
that the normal position of the animal is a fixed one, the animal being attached by 
the cirri to some foreign body and the arms spread out horizontally with their tips 
slightly flexed. The oral pinnules are bent over the disk, crossing one another above 
it; the other pinnules are spread out nearly at right angles to the arms. In an 
aquarium containing a large number of specimens the great majority will be found 
attached either to the bottom or sides of the tank with the oral surface directed 
either upward or more or less obliquely; some specimens, however, are almost cer- 
tain to be found, if there be foreign bodies in suitable positions for attachment, 
inverted, with the oral surface downward. A comatulid when attached exhibits 
very little tendency to alter its position, and may remain fixed in the same place 
for weeks. If detached, either spontaneously or by force, it can, and usually does, 
swim actively until it reaches a suitable place of rest to which it anchors itself by 
its cirri. The normal swimming movements, which are peculiarly graceful, consist 
in strong flexion of the proximal half of the arm, which is raised vertically over 
the disk, and then extension of the whole arm, the distal half of which is thrown out 
something like a whiplash. During flexion the pinnules are folded alongside the 
arm, during extension spread out so as to expose as great a surface as possible. 
Usually two or three arms are raised simultaneously, sometimes as many as five, 
but the only rule seems to be that the two arms of each pair are always flexed 
alternately. When the animal is attached the arms exhibit but very slight move- 
ments; they are usually spread widely out, apparently to expose as large a surface 
as possible. If an animal be detached and placed with the oral surface downward 
it will right itself almost at once. If the surface on which it is placed be a rough 
one the righting movement is effected in a few seconds, or almost instantaneously. 
In a glass vessel it takes longer to perform, though never over two minutes in an 
active individual. 

In regard to the ordinary condition of the arms of Antedon bifida W. B. Car- 
penter noted that there is much the same variety as is seen among actinians with 
respect to the expansion of their tentacles. Sometimes the arms and their pinnules 
are stretched out quite straight to their full length, and almost entirely in the same 
plane, so as to present an appearance of rigidity, while sometimes, still remaining 
fully extended, they are more or less closed together so as to give their whole ex- 
panse the shape of a funnel more or less deep with the central disk at its bottom. 
More commonly, however, some of the arms curve either obliquely or toward the 
ventral surface, and this ventral curvature may be so great that the arm forms a 
spiral, which reminds the observer of the unfolding frond of a fern. Occasionally 
all of the arms are seen to be thus coiled, so that the diameter of the animal is 
reduced to not more than one-third of that which it has when the arms are fully 
extended. In no instance did Carpenter see the arms more than slightly curved 
dorsally. 

W. B. Carpenter noticed that if one of the middle or outer pinnules of any arm 
be irritated by the contact of a rod, such irritation merely produces a languid 
wavy motion of the arm thus acted on, which may extend itself to others if the 


610 BULLETIN 82, UNITED STATES NATIONAL MUSEUM, 


irritation be repeated or prolonged; but if the rod be made to irritate the long basal 
pinnules all the arms (if the animal be in full vigor) immediately close together 
with an energy and consentaneousness that are seen in no other movement. 

W. B. Carpenter believed that the ordinary pinnules are especially related to 
the function of respiration, while the oral pinnules are sensory protective organs. 

Perrier says that in keeping Antedons alive it is necessary to take care to place 
in the basins rough bodies or twigs, or floating fragments of seaweed, to which 
they can attach themselves. If this is not done the individuals will attach them- 
selves to each other and become hopelessly entangled, so that their movements 
result in mutilation and the consequent mortality may be serious. Moreover, it 
becomes impossible to remove the dead ones, which become foci of infection. 

By taking these precautions and changing the water in his basins carefully 
morning and evening, Perrier was able to keep at the same time in the same basin 
about 50 Antedons in good health. 

The young pentacrinoid larve accustom themselves to captivity quite as well 
as the adults. 

Perrier says that the rolling up of the arms in Antedon bifida is an indication 
of sickness. When the animal is in good health it is generally expanded, and it 
does not roll up its arms except momentarily when it is disturbed. It likes occa- 
sionally to leave the stem upon which it is seated and to swim about with con- 
siderable agility, by means of its arms, which, like graceful oars, alternately strike 
the liquid. 

When a comatulid has remained with its arms rolled up for some days one 
may be sure that they will soon drop off. Perrier frequently saw animals, still 
alive, on which there no longer remained a single arm. Such extensive mutilation 
soon results in death. 

Studying Antedon adriatica in the aquaria of the zoological station at Trieste 
Seeliger found that the spermatozoa are ejected in such quantities that only a few 
males are able to becloud a very considerable amount of water. The release of 
the spermatozoa is immediately followed by the extension of the eggs, which never 
appear at any other time. 

At Naples Bury found that the eggs of Antedon mediterranea are always laid, 
until late in the season, in the morning, probably not much before 8 o’clock. They 
are attached in masses to the pinnules by a sticky secretion, which makes it ex- 
tremely difficult to detach them without injury. Each ovum is about 0.3 mm. in 
diameter and pink in color, and each is inclosed in a transparent and close-fitting 
vitelline membrane. 

At Trieste Seeliger noted that the extrusion of the genital products of Antedon 
adriatica always takes place at a very definite hour, about 7 o’clock in the morning. 

Perrier remarked that among the comatulids (Antedon moroccana) sent him 
from Algiers all the embryos on all the pinnules of a given mother were at the 
same developmental stage. 

Barrois visited Toulon for the purpose of obtaining a series of embryos of 
Antedon mediterranea of all stages. He collected a large number of animals 
with embryos, and the next day discovered to his surprise that all the embryos 
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represented a single stage. A short time afterwards he revisited Toulon, and 
this time he found that the comatulids all bore embryos at the same stage, which 
were much less developed than the others. 

Observation of some comatulids in live cars at Villafranca showed that it 
was rarely an opportunity offered to secure an isolated breeding animal, even at 
the height of the breeding period. Two weeks would pass without any of the 
animals breeding, but when one extruded its eggs the others generally followed. 
There were therefore general breeding periods, followed by shorter or longer 
periods of inactivity, during which none of the animals bred. 

At Naples Bury found that often several weeks would elapse without a single 
fertilized ovum being obtained, and then suddenly several adults would be brought 
in on the same day, each with a number of eggs on almost every pinnule. 

Seeliger found that in Antedon adriatica all the larve of a given mother are 
in the same developmental stage, this being particularly true in the earlier stages, 
and that usually all of the larve are liberated at the same time, about 124 hours 
(four hours more than five days) after fertilization, no embryos remaining behind 
undeveloped. But occasionally only a part of the larve leave the pinnules, the 
remainder following little by little until the seventh or even the eighth day, 
although on the fifth day the stage of development of all the embryos. had shown 
but slight variation. 

For Antedon mediterranea Barrois and Bury give the length of embryonal 
life as seven days. Sir Wyville Thomson records that of Antedon bifida as of 
from three to four days’ duration. 

The length of the free-swimming period is subject to much greater variation. 

Under unfavorable conditions a female after the breeding period may lose the 
genital pinnules, parts of the arms, or even entire arms. Normally, however, 
this self-mutilation never occurs, the female remaining quite intact. This loss 
of pinnules and arms takes place especially in a deficiency of oxygen. 

Sir Wyville Thomson said that the larva possesses all the pecularities of 
the sarcode organisms among the Protozoa and the lower forms of the ccelenterates. 
Its external surface is richly ciliated and if lightly touched with a bristle 1t moves 
off rapidly by means of these cilia in a direction opposite to the touch, giving 
evidence of a high degree of irritability and power of automatic motion without 
the slightest trace of a special nervous system. 

Seeliger found that larve of the earlier fixed stages do not react to external 
irritation, which agrees with his observation that no nervous system can be 
demonstrated histologically. He notes that the nervous system of the young 
stalked larva as démonstrated histologically does not suffice to explain its move- 
ments under external irritation. Contraction of the calyx results not only from 
touching the tentacles or disk, where nerve branches can be demonstrated, but 
also from irritation of the aboral surface and of the stem where no nerve fibers 
have as yet been found. 

Bather in 1894 mentioned “floating colonies” of Anfedon bifida. In the 
following year “Paddy from Cork” criticized Bather’s “floating colonies” and 
stated that this species lives clinging in numbers to stones below the low-tide mark. 
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He says also that it swims with medusa-like contractions. Bather immediately 
replied, calling attention to its gregarious habits and its power of flotation or 
movement from place to place. 

Perrier says that at Roscoff Antedon bifida is easily procured at the spring 
tides. It inhabits the entire region opposite Isle Verte, between that island and 
Isle de Bas, as far to the east as to the west. To the eastward Professor de Lacaze- 
Duthiers showed them to Perrier in 1870 literally covering the stalks of the sea- 
weeds. In that year Perrier found them also to the west, but less abundant, almost 
opposite but a little to the left of the black beacon of Per-Roch. In two tides 
Perrier secured there almost 300, without counting a quantity of young in all 
stages of development, including pentacrinoids. Antedon bifida is very abundant 
only below the Himanthalia lorea zone, attached to seaweeds or to the brown 
and curled fuci which abound at the lower edge of the seaweed zone. 

Perrier records that sometimes individuals of Antedon bifida, almost always 
of large size and of a very bright carmine, are found under stones which have 
been turned over in a search for other animals. 


FOOD. 


Duchassaing records that the stomach contents of a specimen of Jsocrinus 
decorus which he fished up in relatively very shallow water at Guadeloupe, French 
West Indies, consisted only of the remains of small crustaceans. 

Bronn, summarizing previous accounts, wrote that the stomach contents of 
Tsocrinus were made up of the remains of small crustaceans, while those of the 
comatulids consisted of diatoms such as Navicula, Bacillaria, Actinocyclus, and 
Coscinodiscus, of Tethya, and of many types of entomostraca. 

W. B. Carpenter said in 1866 that in the very numerous specimens of Antedon 
bifida from Arran, of which he examined the contents of the digestive cavity, he 
never found anything other than microscopic organisms, and the abundance of the 
horny rays of Peridinium tripos made it evident that in this locality that organism 
is one of the principal articles of food. But in specimens from other localities 
he found a more miscellaneous assemblage of alimentary particles, the most com- 
monly recognizable forms being the horny casings of entomostraca or of the larve 
of higher crustaceans. 

In his account of Hyponome sarsii (the visceral mass of Zygometra micro- 
discus) Lovén states that in the ambulacral grooves he found masses consisting of 
minute crustaceans, larval bivalves, and other remains of food. 

In 1876 W. B, Carpenter wrote that the contents of the alimentary canal of 
Antedon bifida both in the pentacrinoid stage and in the adult consists of minute 
entomostraca, diatoms, spores of alge, etc., but especially in his Lamlash speci- 
mens of Peridinium tripos, which was usually very abundant in that locality. 

He also notes that the contents of the alimentary canals of the various types 
of existing pentacrinites examined by him are of the same nature. 

P. H. Carpenter says that the food of a crinoid is considerably varied in its 
nature, according to the character of the sea bottom on which it lives. The horny 
casings of entomostraca and the larve of larger crustacea are frequently to 
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be found in the digestive tube, together with the frustules of diatoms, spores of 
alge, etc. In sections of Bathycrinus, Rhizocrinus, Isocrinus, and Endowocrinus 
from deep water the silicious skeletons of radiolarians may be found in consider- 
able abundance and variety. Foraminifera, too, form a staple article of food for 
these deep-sea species, for he frequently found G@lobigerina, Biloculina, and other 
types beneath the covering plates of the food grooves on the arms and pinnules, 
while the remains of their sarcode bodies occur in the intestines of decalcified 
specimens. 

Seeliger believes that he recognized in the earliest food of the larve half 
digested infusorians and different pelagic larve. 

Bury found the stomach of the early pentacrinoids so filled with diatoms that 
the cutting of sections was rendered very difficult. 

Dr. Edwin Kirk states that in the case of a number of specimens of Comanthus 
japonica which he examined the contents of the intestine were almost wholly com- 
minuted animal matter. 

At Maér Island, Torres Strait, Dr. H. L. Clark examined the stomach contents 
of four comatulids (species undetermined). He found that in each ease the 
greater part of the food material was green alge, chiefly unicellular, though some 
linear forms (thread alge) were also noted; a few diatoms were detected, and 
some foraminifera. In one of the stomachs several radiolarians were seen, in 
another a piece of a red alga, and in a third some fragments of minute crustaceans. 

Doctor Clark also examined the stomach contents of 7ropiometra picta at 
Tobago, which he found to consist of a mixture of vegetable and animal food, the 
former predominating. The plants were diatoms and unicellular green alge, with 
occasional fragments of seaweeds; of animals, crustaceans were most frequently 
noted, but a few foraminifera were also seen. The crustaceans were minute 
amphipods, copepods, and crab zozeas. 

Dr. Th. Mortensen found that a relatively large percentage of the penta- 
crinoids of Zsometra vivipara have in their stomachs the half-digested, but still 
perfectly recognizable, remnants of larve; he even found very young penta- 
crinoids with the vestibule recently ruptured and the arms not yet developed with 
embryos almost as large as themselves in their mouths. 

He remarks that, on account of the large number of pentacrinoids found 
attached in clusters to the tips of the upturned cirri—as many as 99 in one speci- 
men—this danger to the embryos is very real, and probably quite a large number of 
them perish in that way. 

PARASITES AND COMMENSALS. 


A very large number of organisms belonging to very diverse groups are found 
more or less intimately associated with the crinoids. The relation between these 
types and the crinoid hosts runs by imperceptible gradations all the way from 
true parasitism, in which the organism feeds directly upon the body tissues or 
fluids of the host, to the most casual or accidental association. 

The animals associated with the crinoids may be grouped as follows: 

I. True parasites: Animals which (1) live upon the tissues or body fluids of the 
erinoids and occur either (a) internally or (0) externally; (2) occur internally, 
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though not feeding directly upon the tissues of the host; or (3) while living 
externally upon the surface of the body and not feeding directly upon the tissues 
or fluids of the host are more or less permanently fixed in position and cause more 
or less extensive malformations, sometimes becoming encysted. 
1. Animals which live upon the tissues or the body fluids of the crinoids. 
(a) Internally: 
Undetermined internal worm (?myzostome) in the ovary. 
Parasitic worm of doubtful affinities. 
(6) Externally: 
Laphystiopsis iridometre, 
Parasitic Ostracod. 
Collocheres gracilicauda. 
Stilifer bathymetre. 
Stilifer, spp. Melanella, spp. 
Stylina comatulicola. Hemispeiropsis antedonis. 
2. Animals which are internal, though not feeding directly upon the tissues 
of the host: 
Enterognathus comatule. 


Sabinella ptilocrinicola. 
Sabinella capillastericola. 
Sabinella, spp. 

Melanella capensis. 


Holotrichous infusorian. 
Certain myzostomes. 

3. Animals which, while living externally upon the surface of the body and 
not feeding directly upon the tissues or fluids of the host, are more or less perma- 
nently fixed in position and cause more or less extensive malformations, sometimes 
becoming encysted. 

Many myzostomes. 

II. Semiparasitic Commensals: Animals which feed upon minute organisms 
and have to a greater or lesser extent adopted the habit of sucking up the food 
particles from the streams flowing down the ambulacral grooves of the crinoid to 
the mouth, or of temporarily entering the digestive tube and feeding upon the 


contained matter: 
Synalpheus comatularum. 


Synalpheus stimpsonii maldivensis. 
Synalpheus carinatus binongeensis. 


Synalpheus bruce. 
Synalpheus, spp. 
Periclimenes commensalis. 
Periclimenes cornutus. 
Periclimenes ceratophthalmus. 
Periclimenes brocketti. 
Periclimenes pottsi. 
Pontoniopsis comantha. 
Galathea elegans. 
Galathea inflata. 

Galathea minuta. 
Anilocra, sp. 


Cirolana lineata. 
Cyclotelson purpureum. 
Undetermined crustacean. 
20 phiactis delicata. 
Ophiomaza cacaotica. 
Ophiomaza cacaotica var. picta. 
Ophiomaza obscura. 
Ophiomaza cataphracta. 
Ophiomaza marens. 
Ophiowthiops unicolor. 
Ophiowthiops elegans. 
Ophiophthirius actinometre. 
Ophiosphera insignis. 
Polynoé minuta ocutata. 
Polynoé crinoidicola. 


Most myzostomes. 
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III. Nonparasitic commensals: Animals which, while usually, or commonly, 
found living upon or among the crinoids, lead an entirely independent existence, 
and for the most part are found living under similar relations with other organisms: 


Hippolyte, sp. Scalpellum, spp: 

Sealpellum album. Verruca nitida. 

Scalpellum balanoides. Verruca, spp. 

Scalpellum diceratum. Pachylasma erinoidophilum. 
Scalpellum gonionotum., Gemellaria loricata. 
Scalpellum pentacrinarum. Loxosomella antedonis. 
Scalpellum weltnerianum. Rhabdopleura mirabilis. 


Parasitic hydroid. 

IV. Casual associates: Animals which normally occur hiding among, crawling 
over, or attached to other usually arborescent organisms, from which they may 
or may not derive nourishment, or which normally occur attached to any avail- 
able support, and which occasionally stray among or upon, or attach themselves 
to, the crinoids but remain otherwise entirely independent of them: 


Small fishes. Other ophiurans. 
Many crustaceans. Certain pelecypods (Avicula, ete.). 
Certain ascidians. Serpulide. 
Astrogomphus vallatus. Calycella syringa. 
Asteroporpa annulata. Stegopoma fastigatum. 
Sigsbeia murrhina, Cuspidella, sp. 
Ophiacantha, spp. Lafoéa fruticosa. 
Ophiolebes scorteus. Other hydroids. 
Ophiocoma, sp. Certain sponges. 
Ophiopholis mirabilis. Truncatulina lobatula. 
?Ophiactis, sp. Polytrema miniaceum. 
Ophiomusium, sp. Other foraminifera. 


As in the case of the other arborescent marine types, and in general among 
the animals that live by filtering the microplankton from the sea water, the 
erinoids are chiefly subject to indirect parasitism; that is to say, the creatures 
depending upon them for their existence appropriate the food particles which the 
crinoids have collected in the ambulacral grooves, or even which they have 
swallowed, instead of consuming the tissues or body fluids directly. Of the 
animals which derive a part or all of their nutriment from the body, or from the 
efforts, of the crinoids, about 10 per cent are directly parasitic, and about 90 per 
cent are indirectly parasitic, in varying degrees. 

There is a curious and interesting correspondence between the relations of the 
fixed marine organisms (including the crinoids) and their parasites and com- 
mensals and those between parasitic and epiphytic plants and their hosts. The 
barnacles, most hydroids, polyzoans, ete., correspond very closely to the epiphytic 
plants, especially those of the families Orchidacew and Bromeliacee. Rhabdo- 
pleura and certain hydroids are quite vine-like in habit, ascending crinoid stems 
as vines do the trunks of trees. Most parasitic plants appropriate the unelaborated 
sap of the host and convert it to their own ends; most parasites of the fixed marine 
organisms in the same way appropriate the concentrated but undigested micro- 
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parasitized by animals of an inferior organization; but among the fixed marine 
animals the parasites for the most part belong to a phylum with a superior organ- 
ization, and sometimes even to the same phylum (ccelenterates parasitic on ccelen- 
terates, crustaceans parasitic on crustaceans, ophiurans parasitic on crinoids, etc.). 
The relations between the fixed marine animals and their parasites are thus more 
nearly the same as those between parasitic flowering plants and their hosts. On 
land the various animal groups are definitely parasitic or nonparasitic; but many 
plant families, such as the Scrophulariacez, Santalacez, etc., and even many single 
genera, such as Pedicularis, Melampyrum, Gerardia, ete., include both parasitic and 
nonparasitic species, just as do many families and genera, such as Synalpheus, Peri- 
climenes, etc., occurring with the fixed marine animals. 

Of the animals which are parasitic on the crinoids, nearly all may be de- 
scribed as casual parasites, for they belong to genera or families other repre- 
sentatives of which are nonparasitic; that is to say, they are merely particular 
species which have found an easy existence in preying upon the crinoids, though 
this mode of life has not induced any special modification of their structure. 

The three types which are of especial interest are: (1) The gasteropods (S#ili- 
fer, Stylina, Sabinella, and Melanella), (2) Enterognathus, and (3) the myzostomes. 

The family Melanellide, to which Stilifer, Stylina, Sabinella, and Melanella be- 
long, includes species showing all gradations between free-living nonparasitic types 
and shell-less parasites living entirely within the body of the host. As parasites the 
Melanellide occur only upon the echinoderms, where, however, they are found on 
species of all the classes. Most of the parasitic forms, including all of those 
occurring on the crinoids, are characterized by extraordinarily delicate shells. 
Some of the species are permanently fixed in one position on the body of the host, 
but others, including all those found upon the crinoids, appear to move about 
and to bore into different parts of the host. It is not a little curious that, apart 
from Melanella capensis and Stylina comatulicola, all the species parasitic on the 
crinoids are always attached to the calyx plates, or to the cirrals, brachials, or 
pinnulars, instead of to the soft ventral integument. 

Enterognathus occurs only in crinoids, but the family to which it belongs is 
well known as a parasite (or commensal) of the tunicates, most of the species 
living in the branchial chamber of these animals. 

The myzostomes form a group of very highly specialized polychete annelids 
and are the chief parasites of the crinoids, to which animals they are almost 
exclusively confined. On the crinoids they are, with one possible exception, always 
ectoparasitic, though they may form soft or calcified cysts within which they are 
almost completely isolated from the outer world. An organism, possibly a myzo- 
stome, has been reported by Mortensen in the ovarian cavity of Notocrinus virilis. 
If this really is a myzostome, which is not unlikely, as similarly endoparasitic 
species occur in starfishes (Asterias, Stolasterias, and Ceramaster) and astrophy- 
tons (Gorgonocephalus eucnemis and G. arcticus), we find in the crinoids (in 
accordance with Wheeler’s classification) five groups of myzostome species, as 
follows: 

I. Wandering species, which move about freely and actively over the body of 
the host, as Myzostomum cirriferum. 
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Il. Sedentary species, which rarely, if ever, leave the spot where they have 
settled, as M. parasiticum. 

Ill. Cyst-producing species, which cause the formation of galls or swellings on 
the disk or arms, as M. cysticolum. 

IV. Entoparasitic species inhabiting the digestive tract, as M. pulvinar. 

V. Entoparasitic species living in the ovaries, as Protomyzostoma polynephris. 

Thus in the crinoids we find a single group of animals, which, broadly speak- 
ing, play the part of the fleas, lice, jiggers and bots, intestinal worms, and flukes 
combined as we know them among the land vertebrates. 

In the vertebrates the blood, with its multitudes of red corpuscles which when 
destroyed are promptly and continuously renewed, is the logical food of practi- 
cally all the parasites which do not inhabit the intestinal canal. The dilute blood 
of the crinoids, without structures corresponding to the red corpuscles, has none of 
the features which make the blood of the vertebrates such a rich reservoir of con- 
centrated food. But the uncountable myriads of minute organisms flowing con- 
tinuously downward along the ambulacral grooves and into the mouth form a 
stream of nutrient fluid in many ways analogous to the vertebrate blood stream, 
and it is from this source that the myzostomes, as well as most of the other para- 
sites, derive their subsistence. 

The species in each group parasitic on the crinoids in those cases in which 
our information is sufficient to permit us to speak with a reasonable amount of 
certainty follow bathymetrically and geographically the distribution of the classes 
to which they belong quite regardless of that of their hosts, and apparently, except- 
ing possibly in the case of Stelechopus, the most primitive of the myzostomes 
parasitic on the most ancient of the recent crinoids, there is not the slightest 
correlation between the systematic position of the parasite and that of the crinoid. 

The following are known as parasites on crinoids only in the Indo-Pacific 


region : 
Parasitic internal worm. Anilocra. 
Laphystiopsis. Ctrolana. 
Parasitic ostracod. Cyclotelson. 
Sabinella. O phiactis. 
Synalpheus. Ophiomaza. 
Periclimenes. Ophiowthiops. 
Pontoniopsis. Ophiophthirius. 
Galathea. Ophiosphera. 


Polynoé. 

though Laphystiopsis, a parasitic ostracod (on fish), Sabinella, Synalpheus, 
Periclimenes, Galathea, Anilocra, Cirolana, Ophiactis, and Polynoé also occur in 
the Atlantic. 

The following are known as parasites on crinoids only from the Atlantic: 

Collocheres. Hemispeiropsis. 

Stylina. Enterognathus. 

Holotrichous infusorian. 
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but all of these are small and must be especially searched for; probably all occur in 
the Indo-Pacific. 

From the Antarctic only we know Mortensen’s parasitic worm of doubtful 
affinity ; but only Votocrinus virilis offers a suitable habitat for it. 

Thus while the myzostomes occur wherever crinoids are found, the majority 
of the other parasites and commensals on crinoids are confined to the Indo-Pacific 
region, though many are very closely related to nonparasitic Atlantic species. 

The chief reasons for this are probably the absence of a richly developed 
littoral crinoid fauna in the tropical Atlantic comparable to that in the Indo-Pacific 
region, and the plating of the ambulacra in most of the tropical Atlantic types, 
including the littoral species, which renders them unavailable as a source of food to 
most of the parasitic forms. 

Many of the species of myzostomes have a much more extended geographical, 
bathymetrical, and thermal range than any known crinoid genus, or even family. 
Thus Myzostomum gigas occurs in the Arctic on Heliometra, and in the tropical 
littoral in Brazil on Tropiometra; M. cysticolum occurs in the tropical littoral in 
Brazil on Comactinia, in the Gulf of Alaska in 159 fathoms on Florometra, in 
southern Japan on the species of Calometride, and on the shores of the Antarctic 
continent in 500 fathoms on Anthometra; M. vastum occurs in the Caribbean Sea 
on Comactinia, and in southern Japan on Comanthus; M. excisum occurs in Florida 
on Coccometra, and in Mauritius on “Antedon impinnata”,; M. inflator occurs at 
Barbados on Neocomatella, and at the Kei Islands on Adelometra; M. carinatum 
occurs in the Caribbean Sea, at Mauritius, and in the Moluccas; J/. elegans occurs 
in Florida and in the Philippines; and J/. murrayi occurs at the Kermadec and 
Kei Islands, and at St. Vincent, West Indies. Myzostomum japonicum ranges 
from 52 to 943 fathoms, and J/. cornutwm from the shore line in the Philippines 
down to 775 fathoms off southern Japan. 

Generally speaking, the range of Synalpheus comatularum, Galathea elegans, 
Ophiomaza cacaotica, and the parasitic Polynoé coincides with that of the large 
East Indian comasterids among which they live. 

Laphystiopsis is interesting in being represented by two very closely related 
species—one from the China Sea, parasitic on comatulids, the other from Norway, 
possibly parasitic on fish. 

Of the gasteropods Stilifer occurs in the Pacific on Bathymetra and in the 
Atlantic on Bythocrinus, ranging from 237 to 1,772 fathoms; J/elanella occurs in 
South Africa on Annametra, in the West Indies on Crinometra, and off Nova 
Scotia on Rhizocrinus, ranging from the shore line to at least 218 fathoms; and 
Sabinella occurs at Ceylon and Singapore, and off the Queen Charlotte Islands, 
ranging from the tropical littoral to 1,588 fathoms. 

It is interesting to note that, with the exception of the myzostomes and the 
gasteropods, the great majority of the organisms which are directly or indireetly 
parasitic upon the crinoids are confined to the littoral zone. 

The reason for this is probably to be found in the development of side plates 
and covering plates along the ambulacra of the pinnules, arms, and disk in most 
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of the crinoids from intermediate and great depths, which enable the animals to 
convert the ambulacral grooves into closed tubes, and more or less completely to 
close the mouth, and prevents the appropriation of the food particles by such types 
as Synalpheus, Periclimenes, Pontoniopsis, Galathea, Anilocra, Cirolana, Ophi- 
actis, Ophiomaza, Ophioethiops, Ophiophthirius, Ophiosphera, or Polynoé. 

The myzostomes have developed means of avoiding this difficulty, such as 
boring into the animal by the side of the ambulacral groove and causing the forma- 
tion of a cyst in which they live, while the gasteropods bore into the body of the 
crinoid anywhere and feed upon the tissues. 

The larger commensals living on the crinoids are usually striped or banded, 
and resemble them more or less closely in color, though in many cases the closely 
related noncommensal species are quite plain. This may or may not be the case 
with the myzostomes. 

In regard to the parasites and commensals of the comatulids there is one 
curious feature which stands out very prominently—the majority of the records, 
especially of the larger and more vigorous types, are based upon species of the 
family Comasteride. 

The large species belonging to the family Comasteride are probably the most 
highly specialized of all the comatulids. They almost, or even quite, completely 
lack an adambulacral skeleton; the cirri tend to disappear; the central organ is 
reduced to a minimum; the radials are reduced to a minimum; the arms in length, 
size, or number are developed to the maximum, and are extraordinarily tough; the 
pinnules bear peculiar and highly specialized terminal combs; the digestive tube 
makes about four complete turns instead of only slightly more than one; and the 
average size is very large. 

In the Comasteridz, therefore, we have what appears to be an overspecialized 
group consisting chiefly of giants which are relatively helpless; their ambulacral 
grooves can not be closed; they can not, to rid themselves of parasites, readily 
cast off their arms or their disks; and they can not swim away from an infested 
locality. As a natural result they are attracting to themselves as parasites repre- 
sentatives of many types which are quick to adapt themselves to any advantageous 
new conditions. If this process is continued much further it will mean the disap- 
pearance of the dominant comatulids of the Indo-Pacific and north Australian 
reefs, and the reduction of the Comasteride to small and generalized primitive 
types resembling such genera as Comatonia, Comatilia, and Comatulides. 

The more or less sudden extinction of highly specialized giants has occurred 
over and over again in past ages, and the incipient disappearance at the present 
time of such types as the elephants, camels, bison, rhinoceroses, tapirs, and whales, 
as well as the giant tortoises, sea turtles, and giant lizards, is patently evident. 

In these cases man is the aggressor, and the process has in recent years been 
retarded by the enforcement of restrictive laws. But with the Comasteride we 
see the same thing working out in nature, probably just as it did in past ages, 
through the convergence of a progressively increasing number of parasitic types 
upon a relatively helpless group. 
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The modern method of distributing the material brought up by the dredge 
or gathered by shore collectors immediately among the different phyla represented, 
resulting from the almost complete extinction of the “naturalist ” with a broad 
zoological knowledge and the appearance of the “specialist” interested only in 
some one circumscribed group, has rendered exceptionally difficult the study of 
the ecology of the various marine types. One is constantly reading descriptions 
of new species which are undoubtedly commensals, in which not the slightest 
reference is made to any host. Any collection of crinoids received from the East 
Indian region is certain to include not only myzostomes, but. also many other 
commensals preserved with the crinoids, and the liaison between the latter and the 
animals in the containers with them should never be broken until it is definitely 
determined whether or not there is an ecological relationship between them. 

The development of the study of the commensals found with the crinoids has 
been largely by a series of short notes casually intercalated in papers dealing with 
crustaceans, ophiurans, annelids, etc., in which a species is said to have been found 
upon a comatulid, but there are a few records of commensalism properly identified 
as such. 

In a letter written during the cruise of the Challenger by R. von Willemoes- 
Suhm, one of the Challenger party, to Prof. C. Th. E. von Siebold, and published 
by the latter in 1876, Willemoes-Suhm says that in 1874 in the Arafura Sea he 
once examined 80 specimens of a large comatulid and found on about every tenth 
one a myzostome, the largest he had ever seen. The myzostomes lay or crawled 
snake-like on the calyx, but seldom in the ambulacral grooves of the arms. Usually 
there were two or three large ones, and with them a smaller. All these myzostomes 
were, like the comatulids themselves, mottled with black and white, and all the 
other parasites of the comatulids showed the same coloration. The other parasites 
were—first, ophiurans clinging to the calyx; second, small aphroditaceans; third, 
amphipods which had bored into the disk; and fourth, an apheid. Including the 
myzostomes, there were thus five parasites on this very large comatulid. 

The large black and white comatulids were probably Zygometra microdiscus 
or Z. elegans. Carpenter and Potts have suggested that Comatula rotalaria and 
C. solaris were probably the species in question, but neither of these was taken at 
the station in the Arafura Sea, and neither is ever black and white. The myzos- 
tomes were Myzostomum horologium, the ophiurans were Ophiomaza, the aphro- 
ditaceans Polynoé, the amphipods probably Laphystiopsis, and the alpheids 
Synalpheus. ; 

In his account of Alpheus comatularum published in 1882 Prof. William A. 
Haswell states that they were invariably found clinging to the arms of a species 
of comatulid to which their markings gave them a general resemblance. Other 
commensals of these comatulids were Galathea deflewifrons, and an undescribed 
species of cymothoid, the latter usually ensconcing itself in the alimentary canal 
of its host, in which it remained buried with the exception of the anterior third 
of its body. 

In his monograph on the stalked crinoids, published in 1884, P. H. Carpenter 
mentions as internal parasites of the group the suctorial crustacean described by 





Fics. 942-949.—PARASITES AND COMMENSALS OF CRINOIDS. 942. GALATHBA ELEGANS (AFTER VPOTTS). 
943. SYNALPHBUS COMATULARUM (AFTER PoTTs). 944. PONTONIOPSIS COMANTHI (arTER Potts). 945. 
CYCLOTELSON PURPUREUM (AFTER POTTS). 946. CIROLANA LINBATA (AFTER Potts). 947. SCALPELLUM 
DICBRATUM (AFTER PILSBRY). 948. SAME (AFTER Piuspry). 949. SCALPELLUM PENTACRINARUM 
(aFTHR PILSBRY). 621 


622 BULLETIN 82, UNITED STATES NATIONAL MUSEUM, 


his father, an isopod of the genus Anilocra with similar habits, an undetermined 
crustacean sometimes found encysted in the disk of Heliometra glacialis, and an 
internal worm which he discovered in Comanthus parvicirra. 

Regarding external parasites and commensals he cites the myzostomes, and 
gives ophiurans, aphroditaceans, amphipods (which he erroneously regards as 
the same as the isopod found by himself), and alpheids on the authority of von 
Willemoes-Suhm. 

He further states that he has frequently found ophiurans entangled in the cirri, 
which he regards are probably accidental, and once an ophiuroid pluteus attached 
to a stem fragment of Metacrinus, while small bivalves, sertularian hydroids, 
bryozoans, tubicolous annelids, and corals may be attached to the column of the 
stalked types, not for any special nutritive purpose, but simply because the larve 
had to find a resting place somewhere. Various species of cirripeds are also fre- 
quently met with on the stems and cirri of the pentacrinites. 

He mentions Stylina on Antedon mediterranea, and says that PRhizocrinus 
lofotensis is often similarly infested with two or three small shells of Stéilifer, 
which bore comparatively large holes in its calyx. He notes 7runcatulina lobatula 
as abundant on the cirri of certain arctic comatulids which he examined, and Poly- 
trema miniaceum as common on the columns and cirri of certain pentacrinites 
dredged by the Challenger in the East Indian region. 

Alcock in 1902 wrote: 


I have already mentioned the sea lily, striped in alternate bands of yellow and purple, on 
whose fronds similarly striped crustaceans live without fear of detection; here we found the 
Same sea lily giving secure shelter to sea worms, banded yellow and purple like itself. 


In 1904 Mr. H. C. Chadwick stated that a specimen of Comanthus parvicirra 
from the Gulf of Manaar, Ceylon, which when living was a deep olive brown 
with the tips of the pinnules yellow, had living upon it an alpheid which was olive 
brown striped with gray; and in 1908 he recorded a predominantly yellow speci- 
men of Lamprometra palmata from Suez which had a brown commensal polynoid 
living upon it, and an example of Heterometra savignit from Ul] Shubuk which 
when living was whitish with a violet tinge and with patches of darker color and 
of yellow, from which were taken 15 ophiurans which lived with their .arms 
twisted around those of the crinoid, and of which the color on the whole resembled 
that of their host. 

In 1915 Lieut. F. A. Potts, who had made a special study of the commensalism 
between comatulids and other organisms at Torres Strait, published a most in- 
teresting memoir on the subject, in which he went into considerable detail regard- 
ing the color relations between the hosts and the commensals, and brought out 
many new facts bearing on their ecological interrelationships. In this paper he 
described as commensals on comatulids a new genus of amphipods, a new isopod, 
two new galatheids, a new Synalpheus, and a new Polynoé, and published detailed 
notes on the three species of commensal Pontoniide discovered by him and recently 
described by Borradaile. 
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TUNICATA. 


Small tunicates, both simple and compound, are occasionally found on the 
stems and cirri of the pentacrinites; large ones are extremely rare. 


ENTEROPNEUSTA. 


RHABDOPLEURA MIRABILIS (SARS). 


This form was found by Sars growing along the column of Phizocrinus lofo- 
tensis; it was originally recorded as a polyzoan under the name of Halilophus 
mirabilis. 

CRUSTACEA, 


DECAPODA MACRURA, 
Family ALPHEIDA. 


The family Alpheide includes a considerable number of partially and strictly 
commensal types, among which may be mentioned Arete maruteensis Coutiére, 
which lives among the spines on the oral surface of the large sea urchin Hetero- 
centrotus mamillatus Klein, Arete dorsalis var. indicus Coutiére, which Professor 
Coutiére found at Jibuti, French Somaliland, living among the spines on the oral 
surface of another sea urchin of the same family, Echinometra mathei (de Blain- 
ville), the alpheids in both cases resembling the hosts in color, and a number of 
the species of the genus Synalpheus commensal on gorgonians, Solenocaulon, and 
comatulids. When these animals are more extensively studied in the field undoubt- 
edly commensalism will prove to be much more frequent than is now supposed. 

All of the alpheids commensal on comatulids belong to the genus Synalpheus. 
This genus as now understood includes 63 species and 15 varieties; of these 78 
recognized forms only 4 occur on crinoids, 2 of these invariably, so far as known, 
the other 2 being varieties of species the commensalism of which has not been 
established. 

The genus Synalpheus falls into six well-characterized groups, of which one, 
the so-called “ Comatularum Group,” includes all the forms commensal on crinoids. 

The species in the Comatularum Group are the following, those known to be 
commensal on comatulids being designated by an asterisk (*) : 

* Synalpheus comatularum (Haswell) [=S. falcatus Sp. Bate]. 

Synalpheus stimpsonii stimpsonii de Man. 

*Synalpheus stimpsonii maldivensis Coutiére. 

Synalpheus carinatus carinatus (de Man). 

*Synalpheus carinatus binongcensis de Man. 

Synalpheus carinatus ubianensis de Man. 

Synalpheus amboinw (Zehntner). 

Synalpheus consobrinus de Man. 

Synalpheus odontophorus de Man. 

* Synalpheus brucei Potts. 

Synalpheus albatrossi Coutiére. 
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All of these forms are confined to the Indo-Pacific region, and nearly all to 
the Malayan archipelago; one, S. albatrossi, occurs at Laysan Island, in the 
Hawaiian group. 

Commensalism between an alpheid and a comatulid was first reported in 1876. 
During the voyage of the Challenger von Willemoes-Suhm observed, in the Arafura 
Sea, in 1874, a black and white alpheid living on a mottled black and white 
comatulid. 

In. 1882 Prof. William A. Haswell described Alpheus comatularum which had 
been dredged by the Alert in a few fathoms of water in the Albany Passage, near 
Cape York, Queensland, and which was invariably found clinging to the arms of a 
comatulid, to which its color markings gave it a general resemblance. 

Mr. E. J. Miers, in the Alert report published in 1884, redescribed Alpheus 
comatularum in great detail, and cited additional localities. It was again rede- 
scribed under the name of Synalpheus falcatus, by Mr. C. Spence Bate in the 
Challenger report in 1888. His specimens were dredged between Cape York and 
the Aru Islands in 8 fathoms. 

In 1905 M. H. Coutiére recorded a second case of commensalism between an 
alpheid and a crinoid, describing Synalpheus stimpsonii var. maldivensis, from the 
Maldive Islands, which had been found living upon a comatulid resembling it in 
color. In 1911 Dr. J. G. de Man described Synalpheus carinatus var. binongcensis, 
which had been found on a crinoid, and in 1915 Lieut. F. A. Potts described Synal- 
pheus brucei, commensal on comatulids in Torres Strait, and discusses 8. coma- 
tularum. 

SYNALPHEUS COMATULARUM (HASWELL). 


Fig. 1234, pl. 38. 


Lieutenant Potts writes that Synalpheus comatularum is markedly larger than 
S. brucei and is stouter in general appearance; but the resemblance in coloration 
and habits is so close as to suggest specific identity until the peculiar form of the 
little chela is noticed. 

The individuals were generally seated in pairs on the disk, but when slightly 
disturbed they immediately dug the hook of this chela into the flesh of the disk, 
from which it was only dislodged with difficulty; or if the alpheid had left the 
surface of the disk, the chela was serviceable for clasping the arm of its host. 
But this instrument is only used for temporary attachment, nor is it usually 
embedded in the host when the animal is at rest. 

Potts notes that there is, in spite of the wonderful similarity in the coloration 
of this species and of S. brucez, one marked difference; that is, the entrance of a 
white or yellow pigment into the color scheme of this form. He describes a typical 
example of a light-colored crinoid and its commensal in the following way: The 
comatulid (Comanthus annulata) had a yellow-green disk, the arms were black 
with white tips, sometimes with a dash of rusty-red pigment, and the pinnules 
white, sometimes gray at the side. The underside of the arms was yellow-green 
and the cirri were white. Both the commensals were light colored and harmonized 
to a considerable extent with the host. The female had five prominent lines of 
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white pigment on the thorax, alternating with brown lines. On the abdomen there 
was a median white line with a brown line on either side, most of the median space 
being colorless, and a nonpigmented eye being found on each pleuron. The male 
showed six lines of brownish-purple pigment on the thorax, the remaining portions 
being colorless save for some dashes of white pigment. In this case the two 
partners differed slightly; the female showed well-developed white pigment, and 
the other pigment was brown; in the male white pigment was almost absent and 
the pattern was formed by a purple-brown darker than in the female. 

Distribution —Albany Island; Albany Passage; Warrior Reef; reefs north 
of Mabuiag Island; Prince of Wales Channel; Thursday Island; between Cape 
York and the Aru Islands; Torres Strait; Singapore; Ceylon. 

Depth.—Littoral, and down to 9 fathoms. 


SYNALPHEUS STIMPSONTI VAR. MALDIVENSIS COUTIERE. 


This form was found on a crinoid which resembled it in color; it was taken at 
Hulule, Male Atoll, Maldive Islands. 


SYNALPHEUS CARINATUS VAR. BINONGCENSIS DE MAN. 


One specimen, a female, is the only known example of this form. It was 
found on a comatulid dredged by the Siboga in 55 meters at the anchorage off 
Pasir Pandjang, on the west coast of Binongka. 


SYNALPHEUS BRUCEI POTTS. 


Lieutenant Potts’ account of this species is as follows: 

Comanthus annulatus, with which Synalpheus brucei is usually associated, is 
very variable in color. It will be sufficient here to say that the coloration varies 
from a light green mingled with yellow and white to the darkest green or even 
black. The commensal alpheid is generally black to brownish purple in ground 
color, but the pigmented dorsum is traversed by longitudinal stripes which are 
free from pigment. Of these one runs down the middle line from head to tail, 
there are either two or three on each side of the carapace, and two on the upper 
surface of the chela. In addition, each abdominal pleuron is traversed by a short 
oblique pigment-free stripe which may by the encroachment of the pigment become 
a spot. The relative extent of pigmented and nonpigmented areas is exceedingly 
variable, and corresponds roughly to the depth of coloration of the host which 
the alpheid inhabits. Individuals which lodge upon a light green comatulid have 
only narrow red or purple lines of pigment, the remaining portions being unpig- 
mented; in those which are associated with a dark green or black host the pigment 
may be extended over the whole of the dorsum. 

In the vast majority of cases a pair, male and female, of alpheids is found on 
each comatulid. In a few cases there appeared to be only a single lodger, but then 
its small size seemed to show that it was too young to have acquired a mate. 

In most cases the pair are similarly colored; rarely, however, there is a differ- 
ence, and Potts found one case in which one member was marked with very definite 
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and fairly wide stripes of dark pigment, while the other was uniformly covered 
by red pigment. 

Potts states that there are two factors in the color variations: One is the 
character of the pigment, which ranges from a clear red to a purple so deep as to 
appear black; the second depends on the area of the body covered by the pigment. 
The first seems to depend very largely on the species of the host. Synalpheus 
brucei is found, though more rarely, on a second host, Comatula purpurea, in 
which reddish pigment predominates, and here the crustacean was sometimes 
observed to show a red pigment covering the whole body, thus matching the host; 
but sometimes purple and white striped individuals are found on Comatula 
purpurea. 

Among the commensals of Comanthus annulatus also the pigment may be red 
or red brown; but this is only so in the cases where the colored stripes are narrow; 
where they are broader the pigment is invariably darker. 

Potts gives the chief variations in color as follows: Uniformly red brown in 
Comatula purpurea; with narrow red stripes in light green varieties of Comanthus 
annulatus; with purple stripes of uniform dark color in dark green varieties of 
Comanthus annulatus. 

He states that the purple pigment would seem to be either something addi- 
tional or a more complex product of the red pigment. In the alpheids which were 
preserved in formalin and glycerin to keep the original color as far as possible the 
purple was speedily lost, leaving such a red as occurs in the lighter colored forms. 

Synalpheus brucei thus exhibits a marked protective resemblance to its host. 
Against the very light-colored crinoids the almost colorless alpheid is quite incon- 
spicuous. The striped specimens are found upon comatulids in which bars of 
light and dark pigments alternate, and so they, too, are not easily seen. And 
lastly, when the dark pigment is uniformly spread over the body of the crinoid, 
this is also the case with the alpheid. 

But though this is often true, there are many cases where the resemblance is 
by no means close, and the ‘alpheid is rather conspicuous. Potts is inclined to 
explain these cases by supposing the alpheids to have migrated from some other 
crinoid at a comparatively recent period. So thickly do the crinoids lie in the 
crevices of the reef, all conceivable color varieties being herded together without 
distinction, that it is more than likely that an interchange of commensals should 
occasionally take place; for Synalpheus, though tending to become a truly seden- 
tary animal, is at times very active, and an excellent swimmer. 

Potts suggests that the conditions of commensalism do not allow natural 
selection to come into play to any marked extent. The commensals are for the 
most part inclosed by the arms of the crinoid as in a living cage. When the 
water is calm these arms are relaxed and extended, but on the approach of an 
intruder they curl up and so protect the soft central disk. It is scarcely to be 
supposed that even a rapacious fish would take a mouthful of these hard and 
unsatisfying arms for the sake of the shrimp which lies amongst them. In no case, 
at least, which Potts saw were the arms of crinoids mutilated. 
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In Hippolyte the young larva is at first a colorless creature living at the surface 
of the sea, and when this is carried inshore it attaches itself to the first seaweed it 
meets. The skin is in such a sensitive condition that within a week a complete 
resemblance in color is brought about, whether the seaweed background be red, 
green, or brown. 

Potts believes that the resemblance in coloration between Synalpheus and its 
host is a similar phenomenon; but it is less perfect because natural selection has 
not been brought into play to the same extent, if at all, as in Hippolyte, to which 
the seaweeds offer a holdfast, but not a complete refuge such as the crinoid affords. 

In Synalpheus generally both members of a pair are similarly colored. This 
is a phenomenon which Potts believes may be explained in two different ways: 
Either mating takes place early, before the pigment pattern has been finally deter- 
mined and the same factors act equally on both, producing a similar pattern, or 
else there is assortive mating. Possibly the truth lies in a combination of both 
explanations; if so, the exceptions where mates are dissimilarly colored are due 
to the breaking down of the rule of assortive mating, or to the existence of indi- 
viduals which are not able to assimilate themselves to their background, 

With regard to the habits of S. bruce?, Potts states that it is usual to find the 
male and female lying side by side on the surface of the disk, but when disturbed 
they take refuge between the pinnules or on the dorsal surface of the arms. They 
move about quite freely, but they can guard against. forcible detachment by digging 
the claws of the thoracic legs into the soft flesh of the disk or by clasping the pinnules 
or arms of the crinoid. The chele are less effective for maintaining a hold than the 
thoracic legs, though it is to be noticed that these can not be said to be specially 
modified for this purpose. They are provided with two sharp claws, but this pro- 
vision is also made in cases where the alpheid has no such commensal habits. 

When removed from the crinoids they swim about very rapidly, but return 
as soon as possible to the shelter of the host and cling to it as before. 

They exhibit reactions to light and to touch in a very marked manner. 
Alpheids placed in a glass vessel always cluster together on the side of the vessel 
away from the light. Besides being negatively heliotropic, they are strongly 
thigmotropic, for when the finger is introduced into the water it is instantly em- 
braced by the thoracic legs of the alpheid. In the absence of any foreign object the 
alpheids embrace one another, so that a number left together in a vessel soon look 
like a mass of swarming bees. 

Potts notes that there seems to be a limited faculty for color change. One 
individual with wide stripes of pigment became lighter toward night, darker again 
at day. Unfortunately he did not make any extended observations on this point. 


SYNALPHEUS, SP. 


Mr. H. C. Chadwick states that a specimen of Comanthus parvicirra from the 
Gulf of Manaar, Ceylon, which when living was a deep olive brown with the tips 
of the pinnules yellow, had living upon it an alpheid which was olive brown striped 
with gray. 
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Family HIPPOLYTID. 


HIPPOLYTE, SP. 


On one of the harbor buoys at La Hougue, near Cherbourg, Malard found 
Antedon bifida in immense numbers, literally covering the chain. There were 
three distinct color types—(1) violet-red, more or less deep; (2) orange yellow, 
inclining toward saturn red; and (3) alternate white and red with whitish pinnules. 

The Hippolyte occurring with them were of the same colors. 


Family PONTONIIDAK. 


Although the first known species of this family, described as far back as 1829, 
is a commensal in bivalves, and many of those subsequently established are com- 
mensal on sea urchins, starfishes, ascidians, corals, sponges, and especially in 
lamellibranchs, it was not until 1902 that any were known to be commensal on 
comatulids. 

In that year Mr. L. A. Borradaile, who had accompanied Prof. J. Stanley 
Gardiner during his explorations in the Maldive and Laccadive archipelagoes, 
published an account of cases of commensalism between these prawns and reef-living 
crinoids. 

In 1915 Borradaile described these species, and with them others which had 
been collected by Lieut. F. A. Potts at Torres Strait; and in the same year Potts 
published his own notes upon the latter. 

An excellent monographic account of the whole family was published by 
Borradaile in 1917. 

Like most. of the commmensals living on the comatulids, these prawns subsist 
on the minute organisms crowded together in the currents of water flowing down 
the ambulacral grooves toward the mouth. 

Borradaile states that in this family the color varies greatly, the animals being 
striped, spotted, or suffused in very different ways and with very different colors, 
while the differences between species are often as great between species of the same 
genus as between those of different genera. In the cases at present known the 
colors are usually gaudy and conspicuous when the prawns are removed from their 
proper environment, though in some instances, at least, their coloration harmonizes 
very strikingly with that of the natural surroundings. 

Nothing is known of the color changes which doubtless occur during life, or 
in regard to the way in which there arises a correspondence between the coloration 
of the individual and that of its surroundings, or as to the value this may have 
to the prawn. 

The species of this family known to be commensal on comatulids are the 
following : 

PERICLIMENES (PERICLIMENES) COMMENSALIS BORRADAILE. 


This species was described from specimens collected by Lieutenant Potts at 
Torres Strait and found on Comanthus annulatus. 
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PERICLIMENES (LAOMENES) CORNUTUS BORRADAILE, 


This form was described from specimens collected by Prof. J. Stanley Gardi- 
ner and Mr. Borradaile at Male Atoll, Maldives, and found on an undetermined 
comatulid, which was red and brown in color. 


PERICLIMENES (LAOMENES) CERATOPHTHALMUS BORRADAILE, 


Like the preceding, this species was found by Professor Gardiner and Mr. 
Borradaile on a comatulid at Male Atoll, Maldives. 


PERICLIMENES (CUAPETES) BROCKETTI BORRADAILE, 


Professor Gardiner and Mr. Borradaile found this species at Male Atoll, 
Maldives, living on a brown comatulid. 


PERICLIMENES (CUAPETES) POTTSI BORRADAILE. 


The originals of this species were collected at Torres Strait by Lieutenant Potts, 
who found them living on Comanthus. Potts did not in life distinguish this form 
from P. commensalis, so that probably the following remarks apply to both. 

He notes that this shrimp is comparatively common on the comatulids from 
the Murray Island reef, but only one or two specimens were obtained at Mabuiag. 
It is a very transparent creature, and though the general coloration, a beautiful 
purple, harmonizes with the host, there is no distinct arrangement in longitudinal 
stripes. The low power of the microscope shows that there is a blue pigment con- 
tained in very numerous small cells which are regularly disposed over the body; 
also evenly distributed, but much fewer in number, are cells containing red pig- 
ment, which may be spherical or branching. The gut is colored red. The general 
effect thus is purple. 

PONTONIOPSIS COMANTHI BORRADAILE. 


Fig. 944, p. 621. 


Lieutenant Potts, who collected the specimens described by Borradaile, says 
that this species was found only at Mabuiag on the light-colored varieties of 
Comanthus annulatus, in which a great deal of green pigment had developed. In 
general this small crustacean (it is about 8 mm. long) exhibits a striking corre- 
spondence with its host. Alternate longitudinal stripes of bright green and black 
or dark brown occur on the dorsum, and these match the crinoid pinnules, in which 
green and yellow alternate with dark green or black. There also occurs another 
variety, in which the green pigment is replaced by yellow and the darker pigment 
by red or brown. In the specimen figured by Potts, which he states is typical of 
the species, there were three yellow stripes alternating with two brown stripes of 
equal width; the chela was yellow, with a brown line. In this case, however, the 
commensal, living on a crinoid in which green predominated, was very conspicuous, 
and Potts supposes that it had developed its pigment in association with another 
individual of a different color type. 
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DECAPODA ANOMURA,. 


Family GALATHEIDA. 


In every large collection of comatulids received from the East Indian region 
small galatheids, usually conspicuously striped longitudinally, are found asso- 
ciated with some of the specimens. 

These commensal galatheids have recently been studied in the field by Lieut. 
F. A. Potts. His observations did not lead him to suppose that the galatheids 
occur in pairs on each host, as is usually the case in Synalpheus; but the absence 
of evidence on this point may be due to the fact that they are inclined to leave the 
host whenever disturbed. 

They are not by any means found so commonly on crinoids as are the species of 
Synalpheus, though Galathea elegans is not infrequent. 

There is no special modification for clinging to the crinoids other than the 
spines on the dactyli of the thoracic legs. 

The animals are thigmotropic, and after detachment immediately swim back 
to the host. 

White, in 1847, listed without description the first of these commensal 
galatheids to come to light, Galathea elegans, as among the crustaceans in the 
collections of the British Museum. His specimens, brought home by the Samarang, 
were from Corregidor, Luzon, and Unsang, Borneo. In the following year, in 
the account of the voyage of the Samarang, Adam and White figured, but did not 
describe, the species. 

In 1852 Prof. James D. Dana described a new species, @. longirostris, which 
was found on a comatulid dredged at Fiji in 10 fathoms. 

In 1882 Prof. William A. Haswell described G. deflewifrons, basing his de- 
scription on a specimen taken by the Alert in Albany Passage, Torres Strait, and 
stating that it lives on comatulids. 

In 1884 Miers placed G. deflewifrons in the synonymy of G. elegans and 
recorded, with annotations, various specimens of the latter taken by the Alert. 

Mr. T. Southwell in 1906 recorded three specimens of G. longirostris, with the 
color markings well defined, which were found adhering to individuals of Ceno- 
metra herdmani taken in the Gulf of Martaban, Ceylon, in shallow water, and 
at a depth of 7 to 9 fathoms. 

In 1913 Dr. Heinrich Balss recorded @. longirostris from the Bonin Islands, 
and doubtfully referred a single male from near Boschu, Sagami Bay, Japan, in 120 
meters, to G. elegans. Of this latter he says that it apparently occurs on comatu- 
lids. 

Lieutenant Potts has recently revised the species of galatheids commensal on 
comatulids, of which he admits three, two of these described by himself from 
material personally collected at Torres Strait. 


GALATHEA ELEGANS ADAM AND WHITE. 
Fig. 942, p. 621. 


According to Potts G. longirostris of Dana and @. deflexifrons of Haswell are 
synonyms of this species, which he described in detail, giving a revised diagnosis. 
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He notes that all three forms possess a very typical dorsal ornamentation 
and have a similar color scheme with longitudinal stripes of pigment on the 
dorsum ; from this he concludes that the whole group of related forms are comatu- 
lid dwellers, since if not it would be strange that so marked a pattern should 
occur on a free-living galatheid when it is a character so definitely associated 
with erinoid commensalism in this and in other groups. 

Miers says of this species that no two specimens agree exactly in their mark- 
ings. In the Bornean specimens collected by the Samarang the stripes are much 
broader than in the Philippine specimens, from one of which they are wholly 
absent. In the specimen from Albany Island they are distinguishable only on 
the anterior part of the postabdomen. ‘The ground color in nearly all is dull red. 

Potts notes that the dorsum and limbs are covered with dark pigment, but 
there are generally pigment-free longitudinal bands of variable width. 

Haswell records the color as dark purple, and as yellowish with three narrow 
longitudinal dark purple bands on the body and one on either side of the chelipeds 
and ambulatory legs. 

Grant and McCulloch state that the color is most variable. Their specimen 
from Port Curtis when alive was a bright scarlet with a central longitudinal 
purple band only on the last segment of the abdomen. 

Distribution—Recorded from Madagascar, Tuticorin, in the Madras Presi- 
dency, India, Gulf of Martaban, Ceylon, Port Molle and Port Curtis, Queensland, 
Albany Island, Albany Passage, Murray Islands, Holborn Island, and off Mabuiag, 
Torres Strait, Amboina, Moluccas, New Britain, Singapore, Unsang, Borneo, 
Corregidor, Luzon, Philippines, Bonin Islands, and Sagami Bay, Japan. 

Bathymetrical Range.—Littoral, and down to 120 meters. 


GALATHEA INFLATA POTTS, 


Some, or all, of the specimens were found on Comanthus annulatus. 

The color of the carapace was dark blue with two fairly broad longitudinal 
pigment-free bands; others, referred to this species by Potts, were white. 

Locality—Murray Islands, Torres Strait. 

Bathymetrical Range—Littoral. 


GALATHEA MINUTA POTTS. 


This species was found on Comanthus annulatus. 

The carapace showed alternate longitudinal stripes of white and dark blue 
of about equal width. 

Locality —Mabuiag Island, Torres Strait. 

Depth—About 4 fathoms. 


UNDETERMINED GALATHEID. 


Dr. L. E. Griffin reports that on a specimen of Comanthus parvicirra cap- 
tured at Port Galera, Mindoro, Philippines, which was olive green, becoming 
proximally yellow with dark brown longitudinal bands and spots, he found 
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“crabs” (probably galatheids), with 10 cream-colored bands on the carapace, 
a cream-colored median band on the abdomen, several yellow spots on the ventral 
side, and the chelipeds and walking legs with yellow distal ends. 


PROBLEMATICAL DECAPOD, 


Dr. F. A. Bather stated that a decapod has been found in the anal tube of a 
crinoid. He probably referred to the suctorial crustacean (see p. 640) recorded by 
W. B. Carpenter. 

ISOPODA. 


Family CYMOTHOIDAs. 
ANILOCRA, SP. 


Pl. 57, fig. 1346. 


In 1882 Prof. William A. Haswell mentioned as a commensal of comatulids 
in the Albany passage, near Cape York, Queensland, an undescribed species of 
ceymothoid, which was usually ensconced in the alimentary canal of the host, in 
which it remained buried with the exception of the anterior third of its body. 

Miers did not refer to this form in the Alert report. 

P. H. Carpenter stated in 1884 that he frequently found in the anal tube of 
Comatula rotalaria and of @. solaris from Cape York an isopod of the genus 
Anilocra which was nearly half an inch long. In 1888 he recorded another 
specimen of the same species from an example of Zygometra microdiscus dredged 
by the Challenger in 8 fathoms of water in Torres Strait. He inferred that 
either as an egg or as a larva it must have been caught in one of the ciliary currents 
converging on the mouth from the arms and thus have been carried through 
the digestive tube to the rectum, where it remained. 

Beddard did not mention this species in his account of the isopods collected 
by the Challenger, and I can not find any further references to it in the literature 
on the group. 

W. B. Carpenter described a similar case of commensalism (or parasitism) 
in Antedon bifida but did not state the group to which the crustacean belonged 
(see p. 640). 

Family CIROLANIDA. 


CIROLANA LINEATA POTTS, 
Fig. 946, p. 621. 


This species occurs on comatulids, generally on Comanthus annulatus, and 
was described from specimens collected by Lieutenant Potts himself in Torres 
Strait. 

Potts writes that this species is far from being as sedentary as Synalpheus, 
which, while very energetic at times, rests for long periods on the disk of the 
crinoid. While the isopod may make busy excursions on the surface of the 
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comatulid, it is often to be seen diving into the gut of the host, where it appar- 
ently spends a large part of its time. He believes that it does not feed on the 
tissues of the crinoid itself but only on the food it finds in the stomach. 

He states further that this case of commensalism is interesting because of 
the faint but significant response to the color stimuli of the crinoid. In nearly all 
the species of this genus where the coloration has been noted at all the chromato- 
phores appear to be distributed over the surface so as to form a series of evenly 
spaced dots or dashes of pigment. The concentration of these into lines and the 
development of a purplish pigment seem to be the first effects of the commensalism. 
The insignificant quantitative development of the pigment is probably associated 
with the very active life of the isopod and its frequent immersion in the gut of 
the host rather than to any incapacity of the isopod to assume the colors of the 
environment. 

The color is white, except for branding chromatophores carrying a purple 
pigment and arranged in two lateral stripes and a fainter median line. 


AMPHIPODA. 


In a letter written to Professor von Siebold and published by him in 1876, 
R. von Willemoes-Suhm, writing on board the Challenger in July, 1875, during 
the voyage from Japan to the Hawaiian Islands, mentioned that on some comatulids 
dredged in the Arafura Sea in the preceding year a parasitic amphipod had been 
found which had bored into the ventral disk. The specimens appear subsequently 
to have been mislaid, for there is no mention of them in the Challenger monographs. 

On examining closely the specimens of Jridometra melpomene dredged by the 
Albatross at a depth of 88 to 100 fathoms in the China Sea I was surprised to find 
a number of amphipods more or less buried in the disk, which at once recalled to 
my mind the note by von Willemoes-Suhm. I turned these specimens over to Mr. 
Clarence R. Shoemaker, as he was so kind as to draw up a description of them for 
inclusion in the present volume. 

While working at Murray Island, Torres Strait, Lieutenant Potts found a 
tiny amphipod occurring very often on the darker crinoids, which proved to 
represent a hitherto unknown genus. 

The two amphipods, one parasitic and the other symbiotic, known to be asso- 
ciated with crinoids, are the following: 


Family AMPHILOCHID. 
CYCLOTELSON PURPUREUM POTTS. 
Fig. 945, p. 621. 


This species is symbiotic. Lieutenant Potts found it common on the darker 
comatulids at Murray Island, Torres Strait. The specimens described were taken 
from Comanthus annulatus. 

The color dorsally is purple. 


634 BULLETIN 82, UNITED STATES NATIONAL MUSEUM. 
Family LAPHYSTIOPSIDA. 


Mr. Shoemaker’s account of the new amphipod found on Jridometra melpo- 
mene follows: 
LAPHYSTIOPSIS IRIDOMETRE SHOEMAKER. 


Description of the male——The eyes are without pigment, but clusters of indis- 
tinct visual elements are present under the surface of the convex sides of the head. 

The head is broad and flat and produced in front into a horizontal, spatulate, 
truncated lamella. 

The antennz are proportionately shorter than in L. planifrons Sars. The first 
and second antenne do not differ greatly in length; the first has a flagellum of 
about 12 segments, the second a flagellum of about 10 segments. The first segment 
of the flagellum of the first antenne is the longest and is provided with three 
fascicles of sensory bristles. 

The pereon segments are separated from one another by slight transverse 
depressions. The pleon segments are much deeper than those of the perwon, and 
the first three are produced posteriorly into a blunt dorsal lobe; the fourth bears a 
deep saddle-shaped depression. 

The mouth parts resemble in all essentials those of ZL. planifrons, but the first 
segment of the mandibular palp is proportionately longer. 

The first four coxal plates are produced anteriorly, and the fifth and sixth are 
more deeply bilobed than in LZ. planifrons. 

The gnathopods and pereopods are all much more robust than those of ZL. 
planifrons, and the last three are relatively shorter; the third, fourth, and fifth 
consecutively increase but little in length. The first and second gnathopods are 
similar in structure, the second slightly the larger. The fourth and fifth segments 
of the gnathopods are triangular, the sixth is slightly longer than the fifth, and 
both fifth and sixth are provided on their lower surface with fine setz and at their 
distal ends with several longer sete. The dactyl is strong, well curved, and nearly 
as long as as the sixth segment; the concave surface is provided with a row of fine 
setee, and there are several longer ones near the point. 

The first and second perzopods are similar in structure, the second being 
slightly the larger. The second segments are expanded anteriorly into a broad 
lobe with evenly curved edges; the third segments are short; the fourth and fifth 
are produced anteriorly into a broad lobe, directed slightly downward; the sixth 
increases very suddenly in width, after which the proximal and distal edges are 
nearly parallel. The dactyl is strong and well curved, about two-thirds as long as 
the sixth segment. The third, fourth, and fifth perseopods are very much alike in 
structure; the coxal plate of the third is deeply bilobed; that of the fourth has the 
anterior lobe deeper than the posterior; and that of the fifth is truncated anteriorly 
and slightly lobed posteriorly ; the second segments of these three pereopods are ex- 
panded posteriorly into a broad flat lobe of progressively increasing size, each more 
expanded and more depressed than the preceding; the third segments are short; 
the fourth are produced posteriorly into depressed lobes, each longer than the one 
preceding; the fifth segments are short, and each is produced posteriorly into a 
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depressed lobe; the sixth are about as long as the second, progressively increasing 
slightly in length, each slightly concave anteriorly and increasing very suddenly 
in width near their upper ends, after which the anterior and posterior edges are 
nearly parallel. The dactyls are very strong and well curved, and each is about 
two-thirds the length of the corresponding sixth segment. ‘There are no spines 
on the sixth segment of the last perxeopod, as shown in Sars’ figure of L. planifrons. 

The uropods are as in L. planifrons, but the telson is less oval and more 
triangular. 

The perxon and first three segments of the pleon form an evenly curved arch, 
while the fourth, fifth, and sixth segments of the pleon are sharply deflected 
anteriorly and lie between the last three pereeopods. 

The antenne lie posteriorly against the pereopods. 

In this attitude the animal fits snugly into a hole in the disk of the comatulid 
in which it is about half buried. It probably attaches itself to the disk by means 


of the strong hook-like dactyls, and the flesh of the crinoid gradually enveloping 
it forms the cavity. 


The length is 5 mm. 

Locality—China Sea; Albatross Stations 5310 and 5311. 

Depth—88 to 100 fathoms. 

Remarks.—The only other species of this genus, L. planifrons Sars, was re- 
corded by Sars from three widely separated localities on the coast of Norway. His 
specimens were all taken in the dredge. He remarks that the semiparasitic char- 
acter of the species remains an open question. 

It is very interesting to find this second closely allied species parasitic upon 
comatulids in so distant a locality as the China Sea. 

Type—Cat. No. 49599, U.S.N.M. 


COPEPODA. 


The great majority of the copepods are free living, but a considerable 
number of them are truly parasitic, living on the juices of fishes, crustaceans, 
annelids, and other aquatic animals. Another large group is commensal or 
semiparasitic, living in the cavities of various marine animals, especially in 
those of the ascidians, both simple and compound. Others occur on the external 
surface of sponges, sea urchins, and starfishes. 

In order that the relation between the copepods parasitic on the crinoids 
and those occurring upon the other echinoderms may be appreciated, I have given 
a complete list of the latter, which follows the discussion of the two species known 
to be associated with the comatulids. 


Family ASCOMYZONTIDZE. 
COLLOCHERES GRACILICAUDA (BRADY). 


This species was described in 1880 from Robin Hood Bay, in Yorkshire, in 
35 fathoms, by Brady under the name of Cyplopicera gracilicauda. In 1888 it 
was redescribed by Rosoll, who found it parasitic on Antedon adriatica at Trieste, 
under the name of Ascomyzon comatule. 
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Canu, who proposed the genus Collocheres, determined the identity of Cyplo- 
picera gracilicauda and Ascomyzon comatule, and recorded it also from the coast 
of France. 

Giesbrecht has reported it, under the name of Clausomyzon gracilicauda, from 
the Bay of Naples, and G. O. Sars has recorded it from Risgr on the southern 
coast of Norway. 

In depth it ranges from the shore line down to 35 fathoms. 


Family ASCIDICOLIDA. 


ENTEROGNATHUS COMATUL GIESBRECHT. 


This curious copepod was first discovered by Dr. John Beard in the course 
of his studies at Naples on the development of the myzostomes. It was described 
in great detail by Dr. W. Giesbrecht in 1901. 

This parasite is much commoner in comatulids from a considerable depth 
than in those from shallow water. On the average there is only about one parasite 
to a dozen of the latter, and occasionally Giesbrecht found not a single example 
in about 50. On the other hand, of the Antedons from the Secca di Gajola at 
least half were parasitized. 

There appears to be rarely more than one copepod in a single Antedon, though 
once Giesbrecht found four in different developmental stages in a specimen from 
the Seeca di Gajola. 

The females with egg balls are found throughout the year. 

Almost the only color which the mature female shows is the brown of the 
contents of the intestinal canal. The animals are pale and almost transparent 
if the fatty tissue is not too richly developed, and the oviduct is not too full of 
ripe eggs. The eggs are quite opaque and white in reflected light. 

The mature free-swimming male is yellowish gray and very slightly trans- 
parent. In the head and in the posterior part of the abdomen are some small 
rusty red globules. 

Copepods infesting echinoderms other than crinoids. 

Pionodesmodes phormosome Bonnier. From galls on the inside of the test 
of Hygrosoma petersi (A. Agassiz). 

Echinocheres violaceus (Claus). On Paracentrotus lividus (Brandt). 

Echinocheres minutus (Claus). On Paracentrotus lividus (Brandt). 

Echinocheres globosus Hansen. In swellings on the spines of Arwosoma 
gracile (A. Agassiz) and Sperosoma quincunciale de Meijere. 

Cancerilla tubulata Giard. On Amphiura squamata Sars. 

Philichthys amphiure Hérouard. On Amphiura squamata Sars. 

Chrodeumium obesum (Jungersen).. On Asteronyx lovéni Miiller and 
Troschel. 

Arthrochordeumium appendiculosum Stephensen. On Astrocharis gracilis 
Mortensen. 

Astericola clausti Rosoll. On Marthasterias glacialis (O. F. Miiller). 

Linckiomolgus ceruleus Stebbing. On Linckia levigata (Linneus). 
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OSTRACODA. 


On a specimen of Metacrinus zonatus dredged by the Albatross at Station 
5186, in the Tawi Tawi group, Philippine Archipelago, in 80 fathoms, I found 
a peculiar parasitic ostracod firmly attached to the column. 


CIRRIPEDIA. 


From their mode of life as attached organisms and their fixation to every 
possible kind of support (they have even been found on the tail feathers of 
Priofinus cinereus) it is quite to be expected that the barnacles should be found 
living upon the crinoids; indeed, it is rather surprising that this is not more often 
the case. 

The columns, and especially the cirri, of the pentacrinites frequently support 
stalked barnacles, and they sometimes occur on the cirri of the larger comatulids 
of the deeper waters, mostly those of the family Thalassometride. There is a 
record of one attached to a pentacrinite arm. Sessile barnacles have been found 
only on the pentacrinites and usually occur on the stem, though sometimes on 
the cirri. 

But barnacles are not nearly so abundant, either in number of species or in 
number of individuals, upon the crinoids as they are upon the urchins, especially 
upon the dead spines of the cidarids. 

There is no evidence that the barnacles attached to the crinoids find in the 
latter anything more than a convenient object for attachment, such as they would 
find equally well in a long urchin spine. 

Nearly all of the barnacles are inhabitants of relatively shallow water, and 
Scalpellum is the only genus which is often met with in the deeper portions of 
the sea, into which it descends to a depth of 2,850 fathoms. This sufficiently 
explains the fact that most of the barnacles which have been found upon the 
crinoids belong to this genus. 

The pentacrinites of the intermediate depths are the recent crinoids most 
extensively represented as fossils in the secondary rocks, and the same is true 
of Scalpellum among the recent barnacles. 

None of the Acrothoracica or Apoda have as yet been found in association with 
the crinoids. 

The Rhizocephala are apparently all parasites of malacostracan, and chiefly 
of decapod, crustaceans, though von Willemoes-Suhm in his notes written on board 
the Challenger mentions a species which he found in the pouch of a starfish of 
the genus Hymenaster, where it was possibly introduced by accident, and a 
Bopyrus or Peltogaster from an ophiuran. 

The Ascothoracica are known as parasites in corals, antipatharians, and star- 
fishes (Henricia, Hippasteria, and Solaster) but are not known to occur in the 
crinoids. 
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Family LEPADIDZA. 
Subfamily SCALPELLINA. 
SCALPELLUM ALBUM HOEK, 


Scalpellum album was found on a species of Metacrinus taken by the Chal- 
lenger in 140 fathoms near the Kei Islands. The species of A/etacrinus from the 
station in question were MM. angulatus, M. cingulatus, M. nobilis, M. tuberosus, 
and M. ?murrayi. 

P. H. Carpenter records it on a specimen of Metacrinus varians from off the 
Meangis Islands in 500 fathoms. As he also found it on a specimen of Metacrinus 
murrayi of unknown origin, he suspected that possibly the latter came from the 
same locality. 

SCALPELLUM BALANOIDES HOEK. 


This species was found attached to an arm of J/etacrinus murrayi which was 
dredged by the Challenger near the Meangis Islands in 129 fathoms. 

It was also found attached to pentacrinites in 500 fathoms off the Meangis 
Islands. The species dredged here were Metacrinus costatus, M. moseleyi, M. 
varians, M. wyvillii, M. ?murrayi, Endowxocrinus alternicirrus, and Hypalocrinus 
naresianus. 


SCALPELLUM DICERATUM PILSBRY. 
Figs. 947, 948, p. 621. 


Scalpellum diceratum was found on the stems of /socrinus decorus, dredged 
by the Albatross in between 33 and 279 fathoms off Habana, Cuba. 


SCALPELLUM GONIONOTUM PILSBRY. 


This species was found on the column of a species of Metacrinus dredged by 
the Albatross in 361 fathoms in the Eastern Sea about 90 miles westsouthwest of 
the Goto Islands. 


SCALPELLUM PENTACRINARUM PILSBRY. 
Fig. 949, p. 621. 


Scalpellum pentacrinarum was found on a cirrus of /secrinus decorus dredged 
by the Albatross in between 33 and 279 fathoms off Habana, Cuba. 


SCALPELLUM WELTNERIANUM PILSBRY. 


This form was found on a cirrus from a species of Metacrinus dredged by the 
Albatross in 361 fathoms in the Eastern Sea about 90 miles westsouthwest of 
Kagoshima Gulf. 


SCALPELLUM, SP. 
P. H. Carpenter records the occurrence of a species of Scalpellum on the stem 


of a Metacrinus interruptus from latitude 10° 14’ N., longitude 123° 54’ E., in 
95 fathoms. 
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SCALPELLUM, SP. 
Pl. 58, fig. 1345. 


Specimens of Stylometra spinifera taken by the Albatross off Habana, Cuba, 
in 76 to 157 fathoms, carry barnacles of this genus on the cirri. 

Scalpellum is very seldom seen on the cirri of the comatulids, though it is not 
at all unusual to find it on Stylometra. 


Family VERRUCIDAS. 
VERRUCA NITIDA HOEK. 
Figs. 1249, 1250, pl, 39. 

Verruca nitida was found on pentacrinites of different genera dredged by the 
Challenger off the Meangis Islands in 500 fathoms. The pentacrinites taken here 
were Metacrinus costatus, M. moseleyi, M. varians, M. wyvillii, M. ?murrayi, 
Endoxocrinus alternicirrus and Hypalocrinus naresianus. 

VERRUCA, SP. 


P. H. Carpenter states that in one of the two specimens of Metacrinus cingu- 
latus taken by the Challenger off the Kei Islands in 140 fathoms the place of one of 
the cirrus sockets is occupied by a group of barnacles of this genus. 


VERRUCA, SP. 


A specimen of Metacrinus nobilis taken by the Challenger off the Kei Islands 
in 140 fathoms showed a large Verruca covering the whole of one side of a nodal, 
and also extending onto the columnals above and below it. 


VERRUCA, SP. 


Carpenter records several examples of a species of this genus from a specimen 
of Metacrinus interruptus taken by the Challenger in lat. 10° 14’ N., long. 123° 
54’ E., at a depth of 95 fathoms. They were attached to the cirri. 


Family BALANIDAL. 
PACHYLASMA CRINOIDOPHILUM PILSBRY. 


Figs. 1246-1248, pl. 39. 


This form was found on the column of a species of Metacrinus dredged by the 
Albatross in 103 to 152 fathoms in the Eastern Sea, off Kagoshima Gulf. 


OBSCURN LARVAL CIRRIPEDE. 


P. H. Carpenter states that he found an obscure larval cirripede attached by 
its ventral margin to a cirrus of a specimen of Metacrinus varians which was 
dredged by the Challenger in 500 fathoms off the Meangis Islands. 
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UNDETERMINED CRUSTACEANS. 


Dr. W. B. Carpenter writes that it is not a little curious that in the specimens 
of Antedon bifida which, through the kindness of Mr. Charles Stewart, he received 
from Plymouth Sound, the alimentary canal is frequently almost choked up by 
the body of a suctorial crustacean with its egg masses. 

He says that as this is far too large and powerful an animal to have been drawn 
into the mouth by the ciliary current as an article of food, and as its body rarely 
shows any indication of having been acted on by the digestive power of the crinoid, 
he is disposed to think that it is introduced either as an egg or as a larva, and has 
undergone its development parasitically where it is found. 

Encysted in the ventral perisome of the disk of some specimens of Heliometra 
glacialis which had been cut into sections P. H. Carpenter found the remnants of 
a parasitic crustacean; but though one or two accomplished zoologists examined 
the remains he was unable to learn anything about its affinities. 


ECHINODERMA. 


OPHIULROIDEA. 


Such of the ophiurans as habitually live clinging to arborescent marine 
organisms, from which they derive their nourishment, usually indirectly through 
the appropriation of food particles collected by and intended for the host, are 
occasionally to be found upon the erinoids. 

This association, relatively infrequent, appears to be quite fortuitous, excepting 
only in the case of the species of the genus Ophiomaza; but even these species are 
occasionally found on other organisms. 

The first ophiuran by habit commensal on a crinoid was described in 1867 by 
Ljungman under the name of Ophiocnemis obscura; its characteristic commen- 
salism was not, however, mentioned. 

In 1871 Theodore Lyman established the genus Ophiomaza, describing O. 
cacaotica from Zanzibar. 

Speaking of the cirri of the pentacrinites, C. Wyville Thomson wrote in 1873 
that they have no true muscles, but that they have, nevertheless, some power of 
contracting around resisting objects which they touch, and there are often star- 
fishes and other sea animals entangled among them. 

In 1874 Lyman referred Ljungman’s Ophiocnemis obscura to his genus Ophio- 
maza. In that year R. von Willemoes-Suhm, then on board the Challenger, noticed 
on large black and white comatulids dredged in the Arafura Sea some ophiurans 
which he took to be parasitic, and which were of the same color as the hosts. His 
observation was published in 1876 and was the first suggestion of commensalism 
between ophiurans and crinoids. 

In 1884 P. H. Carpenter remarked that he had frequently found ophiurans 
entangled in the cirri of the crinoids (it is not quite clear whether of the comatulids 
or of the pentacrinites, or of both), and once an ophiuran pluteus attached to a 
stem fragment of a species of Metacrinus; following Thomson, he considers these 
associations as probably merely accidental. 
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In 1884 Bell greatly extended the known range of Ophiomaza cacaotica, record- 
ing it from Suez and from Queensland. 

In 1888 Brock described as commensals on comatulids Ophiomaza cataphracta 
from Cape York, and Ophiowthiops unicolor and Ophiosphera insignis from Am- 
boina. In 1895 Professor Kehler described Ophiowthiops elegans, and in 1898 
Ophiomaza merens. In the latter year Prof. Ludwig Déderlein described Ophio- 
phthirius actinometre. 

In 1904 Keehler redescribed and revised Brock’s species, but without discussing 
their commensalism. 

In 1908 H. C. Chadwick mentioned ophiurans, possibly Ophiomaza cacaotica, 
but more likely a species of Ophiactis, on comatulids in the Red Sea; and in 1915 
Lieut. F. A. Potts published the results of his studies on the commensals living 
on comatulids in Torres Strait, listing Ophiocoma, sp., Ophiactis, sp. (later described 
by Dr. H. L. Clark as O. delicata), Ophiomaza cacaotica, O. cacaotica var. picta, 
and O. obscura. 

Family TRICHASTERID. 


The species of this family live upon arborescent marine organisms, and many 
of them are quite active in their movements. Such of the species as live within 
the range of the pentacrinites are undoubtedly occasionally to be found upon them. 


Family GORGONOCEPHALID®. 


Most, if not all, of the species of this family with undivided, or infrequently 
divided, arms, and many of those with ramose arms, as Astrocynodus and Astro- 
caneum, normally live attached to arborescent organisms. Such species as occur in 
the regions inhabited by the pentacrinites may be expected occasionally to be found 
upon them. 

ASTROGOMPHUS VALLATUS LYMAN. 


This species is not uncommon on specimens of /socrinus decorus taken off the 
northern coast of Cuba. 


ASTEROPORPA ANNULATA LUTKEN. 


In 1873 Wyville Thomson figured a specimen of /socrinus asteria to the cirri 
of which was clinging an individual of this species. 


Family HEMIEURYALIDA:. 


The remarks under the preceding family heading apply equally to the species 
of this family. Szgsbeia murrhina Lyman has been found upon the species of 
Tsocrinus in the Caribbean Sea. The similarity in the type of coloration between 
Sigsbeia lineata Liitken and Mortensen and the echinoderms and crustaceans nor- 
mally commensal on crinoids is striking. 
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Family OPHIACANTHID. 


This family is in the same category as the two preceding, the species which 
normally live attached to arborescent organisms frequently straying on to the 
pentacrinites and more rarely on to the comatulids. I have seen specimens of 
various species of Ophiacantha on Metacrinus taken in the Philippines. 


OPHIOLEBES SCORTEUS LYMAN. 


P. H. Carpenter records a specimen of this species which he found entangled 
in the cirri of a specimen of H'wmorphometra hirsuta dredged by the Challenger 
near Marion Island in 140 fathoms. 


Family OPHIOCOMIDAK. 


The association of ophiurans of this family with crinoids can scarcely be more 
than accidental though in view of the abundance of both on certain reefs in the 
East Indian region, and the activity of the former, especially when young, it must 
be more or less frequent. 


OPITIOCOMA, SP. 


Lieutenant Potts states that at Torres Strait he found a young Ophiocoma, too 
small for accurate determination, on Comanthus annulatus. 


Family AMPHIURIDAs. 


Some of the species in this family, as the species of Ophiactis, are more or less 
strictly commensal; others, as the species of Ophiopholis, commonly conceal them- 
selves in rootlike growths or cling to arborescent organisms; while others, as the 
species of Amphiura, Amphipolis, etc., live on or in mud, sometimes burrowing 
downward for a considerable distance. These last are sometimes phosphorescent. 

The species of the first group will naturally sometimes be found on crinoids, 
and those of the second group will occasionally occur among the cirri of the 
comatulids and on the stems of the pentacrinites inhabiting the same regions. 


OPHIACTIS DELICATA H. L. CLARK, 


Lieut. F. A. Potts reported a specimen of an undetermined species of the genus 
Ophiactis as commensal on comatulids at Torres Strait. 

Dr. H. L. Clark described this specimen under the name of Ophiactis delicata. 

It was found on an example of Comanthus annulata in 18 fathoms off the 
southwestern reef at Maér, Murray Islands, Torres Strait. 


?0PHIACTIS, SP. 


Mr. H. C. Chadwick in 1908 recorded a specimen of Heterometra savignii from 
Ul Shubuk, on the Red Sea, which, when living, was whitish with a violet tinge 
and with patches of darker color and of yellow, from which were taken 15 ophiurans 
that lived with their arms wrapped around those of the crinoid, and of which the 
color on the whole resembled that of their host. 
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The large number of these ophiurans found on a single crinoid appears to indi- 
cate that they could not have belonged to any species of Ophiomaza, which nor- 
mally occur singly, one to each crinoid, and suggests that they represented a species 
of Ophiactis. 

OPHIOPHOLIS MIRABILIS (DUNCAN). 


A specimen of this species was found coiled tightly about the stem, just under 
the crown, of a specimen of Metacrinus acutus dredged by the Albatross in the 
Eastern Sea, off Kagoshima Gulf, in 105 to 152 fathoms. 


Family OPHIOTRICHIDAL. 


Many, if not most, of the species in this family are more or less strictly com- 
mensal in habit. Some, as certain species of Ophiothriz, are normally associated 
with various aborescent organisms, and occasionally are to be found upon the penta- 
crinites, and more rarely upon the comatulids; others, as the species of Ophiomaza, 
are rarely found elsewhere than upon the comatulids. 


Opntonaza. 


Ophiomaza is the only genus of ophiurans which has been determined to be 
normally commensal upon the comatulids. It lives, oral surface downward, upon 
the disk of the larger species, with the arms wrapped, around the dorsal side of 
the crinoid. 

The curiously banded or blotched type of coloration usually found in this 
genus recalls that of other organisms commensal with the comatulids, and is remi- 
niscent of Sigsbeta lineata Liitken and Mortensen, which is also commensal, though 
not upon crinoids. 


OPHIOMAZA CACAOTICA LYMAN. 
Pl. 52, fig. 1341. 


The commensal ophiuran noted by von Willemoes-Suhm on black and white 
comatulids from the Arafura Sea was probably this species. 

I have found it on Capillaster sentosa from Singapore, and on Heterometra 
reynaudii from the entrance to Palk Strait, Ceylon, in 6 to 8 fathoms. 

Potts states that at Torres Strait he found it commensal on Comanthus annu- 
Jatus, and that in color it was a uniform black, very deep purple, or brown. One 
small black specimen was found on a bright red Comatula purpurea. 

This ophiuran probably occurs on any comatulid of sufficient size to support 
it, regardless of species. So far as I have seen there is rarely, if ever, more than 
one on a single crinoid. 

Ophiomaza cacaotica ranges from Zanzibar to Suez and eastward to northern 
Australia, the Philippine Islands, and the China Sea, but apparently is nowhere 
abundant. It occurs from the low-tide mark down to nearly 40 fathoms. 

Most of the records for the species make no mention of its commensalism. 
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OPHIOMAZA CACAOTICA VAR. PICTA K@®HLER. 


This form, which was described merely as a color variety of the preceding, 
was found among the echinoderms collected by Korotneff in the Sunda Islands, 
probably at Billiton. Professor Koehler does not mention the comatulid upon 
which it occurred. 

Lieutenant Potts records it from Torres Strait, on Comanthus annulatus. The 
individuals were prettily marked with black and white. 


OPHIOMAZA OBSCURA (LJUUNGMAN). 


This species was originally described from Singapore, and I have seen speci- 
mens from that locality on Capillaster sentosa. Lieutenant Potts found it on 
Comanthus annulatus at Maér, Murray Islands, Torres Strait, and says that the 
specimens were brown, handsomely marked with dull yellow. 


OPHIOMAZA CATAPHRACTA (BROCK). 


Ophiomaza cataphracta was described from Cape York, Queensland. 


OPHIOMAZA MCRENS KC@HLER, 


This species is known only from Cantores Island, in the Mergui Archipelago. 


OPHIOZXZTHIOPS UNICOLOR BROCK. 


This species was described from Amboina, where Doctor Brock found it living, 
apparently as a commensal, upon a species of Comasteridz, which it resembled 
in color. 

OPHIO-ETHIOPS ELEGANS (K@HLER). 


This form was described from the Dutch East Indies. 


OPHIOPHTHIRIUS ACTINOMETRE DODERLEIN. 


Ophiophthirius actinometre was described as a commensal on Comatula solaris 
from Thursday Island, Queensland. 


OPHIOSPHIZERA INSIGNIS BROCK. 


Doctor Brock found this species at Amboina on one of the Comasteride, which 
it resembled in color. 


Family OPHIOLEPIDIDA. 


None of the species of this family can have other than a purely accidental 
association with crinoids. 


OPHIOMUSIUM, SP. 


Attached to the dorsal side of the centrodorsal of a specimen of Perissometra 
flexilis from near the Kei Islands, in 140 fathoms, P. H. Carpenter found an 
ophiuran which he believed to belong to the genus Ophiomusiwm, so far as he was 
able to make out its characters from a view of the dorsal surface only; but he 
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could not refer it to any species of that genus, or to any other of the ophiurans 
which were obtained by the Challenger. It had a relatively large dorsocentral, 
five small basals, and five large radials, the outer ends of which were tubercular 
and fitted in between the two large radial shields, which were also more or less 
tubercular on their line of junction. The arms extended outward between the 
eirri of the comatulid and coincided in direction with its rays, while their ends 
were more or less twisted around the bases of the cirri. The symmetrical arrange- 
ment of the large primary plates on the ophiuran disk, together with the position 
of the arms, gave a very singular appearance to the centrodorsal of the comatulid. 


OPHIURAN, 


H. C. Chadwick records that from a specimen of Heterometra savignii taken 
at Ul Shubuk, Sudanese Red Sea, in nine fathoms which was whitish with a violet 
tinge, with patches of darker color and of yellow, he took 15 ophiurans which 
lived with their arms twisted around those of the comatulid, and that the color of 
these on the whole resembled that of their host. 


OPHIURAN PLUTEUS. 


Dr. P. H. Carpenter mentions finding an ophiuran larva attached by its long 
pluteus arms to the column fragment of Metacrinus tuberosus which was dredged 
by the Challenger off the Kei Islands, in 140 fathoms. He considers this associa- 
tion as probably merely accidental. 


MOLLUSCA. 


GASTEROPODA, 


Professors René Keehler and Clement Vaney, of the University of Lyons, have 
recently published a most excellent memoir upon the ectoparasitic gasteropods, 
nearly all of which occur upon echinoderms. 

These parasites fall into four classes. The first comprises species belonging 
to the family Capulide, all included in the genus 7’hyca; the second is composed 
of species belonging to the family Melanellide, which are distributed in the genera 
Melanella, Sabinella, Pelseneeria, Mucronalia, Stylina, Stilifer, Megadenus, and 
Gasterosiphon, the third is represented by the curious Ctenosculwm described by 
Heath; and the fourth by two pyramidellids described by Pelseneer which are para- 
sitic upon the lamellibranchs. 

None of the wormlike endoparasitic gasterpods, such as Entoconcha, Enter- 
oxenos, and E’ntocolax, are known to occur in the crinoids. 

Of the echinoderms the starfishes most frequently support ectoparasitic gaster- 
pods, and upon them occur species of the genera Thyca, Melanella, Mucronalia, 
Stilifer, and Ctenosculum, nearly all of the records being from the East Indian 
region. 

Next to the starfishes the crinoids appear to be the most subject to this form 
of parasitism, and upon them occur species of the genera Stilifer, Stylina, Sabinella, 
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and Melanella; Stylina is known only from the Mediterranean, and Sabinella, as a 
parasite on crinoids, from Ceylon, Singapore, and the Queen Charlotte Islands; 
Stilifer and Melanella occur both in the Atlantic and in the Indo-Pacific. 

Gasterosiphon, internal and without a shell, though fundamentally an external 
parasite, is found in a deep-sea holothurian. Afegadenus, truly parasitic, and 
exhibiting a very marked sexual dimorphism, lives upon the arborescent tentacles 
of a species of the genus Holothuria in the West Indian region. In another species 
of the same genus in the East Indian region M/elanella has been found attached to 
the external surface and in the buccal cavity; while in a third species on the coast of 
Norway a species of Melanella is found in the digestive tube, where, however, it is 
scarcely more than a commensal. ‘ 

Several species ot Stilifer, and especially of Pelseneeria, have been found 
upon echinoids, mostly from deep water, both in the Atlantic and in the Pacific, 
and the genus Mueronalia has been reported from two ophiurans, Ophiothriz 
crassispina Kohler trom the Dutch East Indies in 274 meters, and O. deposita 
from the same region in 310 meters. 

We now nothing whatever of the habits of the gasterpods occurring on the 
crinoids: as found they are always very firmly attached to the hosts, but, on the 
other hand, the frequent presence of perforations in the calyx in addition to those 
covered by the shells appear to indicate that they are not permanently fixed in one 
position, but possess the power of changing their location. 

In 1868 Count Pourtalés wrote that among the small stalked crinoids dredged 
in 237-306 fathoms off the Samboes and off Sand Key, Florida, and referred 
by him to Pourgueticrinus hotessieri (a species of Bythocrinus), he found one 
which had three small examples of a species of Stélifer adhering to the outside of 
the calyx, and that small round holes, bored probably by these parasitic molluscs, 
could be seen also in the calices of some of the others. 

In 1875 Prof. Ludwig von Graff, who at that time was engaged in his studies 
upon the Myzostoma, found upon Antedon mediterranea a small gasteropod, which, 
truly parasitic, is attached to the anal tube or pinnules into which it bores a hole. 
He called it Stylina comatulicola. 

In 1877 Sir Wyville Thomson mentioned two specimens of “Rhézocrinus lofo- 
tensis” dredged by the Challenger off Cape Agostinho, Brazil, each of which was 
infested with several specimens of a species of Stélifer, and in 1884 Dr. P. H. Car- 
penter, evidently having in mind the records of Pourtalés and Thomson, wrote that 
Rhizocrinus lofotensis is often infested with two or three small shells of Stilifer, 
which bore comparatively large holes in its calyx. 

In 1895 Dr. Clemens Hartlaub figured a parasitic gasteropod attached to 
an undetermined comatulid, apparently a species of Bathymetra, from the Gulf of 
Panama. He states that it is related to Stilifer and according to Professor von 
Martens is apparently a Mucronalia. 

On the specimens upon which I based the new species Ptilocrinus pinnatus I 
found a number of parasitic gasteropods, which Dr. Paul Bartsch described in 
1907 under the name of. Eulima ptilocrinicola. 
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In 1908 Dr. William H. Dall bestowed the name of Stilifer bathymetre upon 
the gasteropod figured in 1895 by Hartlaub, and Monterosato referred Bartsch’s 
Eulima ptilocrinicola to his new genus Sabinella. 

While studying the crinoids of the Copenhagen Museum I found upon a speci- 
men of Capillaster multiradiata from Singapore a parasitic gasteropod related to 
the species occurring on Ptilocrinus pinnatus,; this Doctor Bartsch named in 1909 
Eulima capillastericola. 

In 1912 Professors René Kcehler and C. Vaney published an extensive memoir 
upon the ectoparasitic gasteropods, treating in detail those parasitic upon the 
echinoderms but adding no new information in regard to those occurring upon 
the crinoids. In the same year I recorded the occurrence of a small species of 
Eulima on Heterometra reynaudi from Palk Strait, Ceylon, and at the same 
time stated that I had found the same genus parasitic on Stenometra diadema in 
southern Japan, the specimens being in the hands of) Dr. William H. Dall for 
description. 

On some specimens of Annametra occidentalis from Simon’s Bay, Cape of 
Good Hope, collected by the German South Polar Expedition, I found seven speci- 

_mens of a new parasitic gasteropod which were described in 1915 by Dr. J. Thiele 
as Hulima capensis. At the same time he referred Bartsch’s Lulima capillastericola 
to Monterosato’s genus Sabinella. 

In the same year Lieut. F. A. Potts noted that two or three very small gas- 
teropods, apparently parasitic, had been found by him on comatulids at. Torres 
Strait. 

STILIFER BATHYMETR# DALL. 


Pl. 5%, fig. 1362. 


Host.—Bathymetra, sp. 
Locality.—Vicinity of Malpelo Island, Bay of Panama. 
Depth —1,i72 fathoms. 

STILIFER, SP. 


P. H. Carpenter says that Phizocrinus lofotensis is often infested with two 
or three small shells of Stilifer which bore comparatively large holes in its calyx. 

Carpenter’s Rhizocrinus lofotensis included several distinct species, and it 
is not certain to which form he referred; his note was, however. based at least 
in part upon the following records: 


STILIFER, SP. 

fost.—Bythocrinus, sp. 

Locality —Off the Samboes and off Sand ey Florida. 

Depth.—237, 248, and 306 fathoms. 

Remarks. a ene numerous specimens of, 2ythocrinus, sp., from these Jocali- 
ties Pourtalés found one with three small Stilifers adhering to the outside of 
the calyx, and others with small round holes in the calyx, probably bored by 
these gasteropods. 
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?STILIFER, SP. 


Host.—‘Rhizocrinus lofotensis” (?Bythocrinus, sp.). 

Locality —Off Cape Agostinho, Brazil (lat. 9° 10’ S., long. 34° 49’ W.). 

Depth.—400 fathoms. 

Remarks.—Sir Wyville Thomson states that among the special prizes from this 
station were two specimens of PAizocrinus lofotensis, each infested by several in- 
dividuals of a species of Stilifer. 


STYLINA COMATULICOLA VON GRAFF. 

Host—Antedon mediterranea. 

Locality.—Naples. 

Remarks.—The gasteropods were fastened to the skin of the anal tube or of the 
pinnules, and after their removal a deep hole was left. 

On 175 specimens sent from Naples to Professor von Graff he found eight 
Stylinas; on one individual 1, attached to the anal tube; on another 1, attached 
to a pinnule, and on a third 2, 1 on the anal tube and 1 on a pinnule. The other 
4 were found detached in the bottom of the container. 

An examination of 33 specimens of Antedon adriatica from Trieste yielded 
no specimens. 

SABINELLA PTILOCRINICOLA (BARTSCH). 
Pl. 57, figs. 1356-1361. 

Host.—Ptilocrinus pinnatus,; on the calyx, which it sometimes distorts. 

Locality —Off the Queen Charlotte Islands, British Columbia. 

Depth.—1,588 fathoms. 


SABINELLA CAPILLASTERICOLA (BARTSCH). 


Host.—Capillaster multiradiata; on the cirri near their base. 
Locality. Singapore. 
Depth.—Littoral. 

SABINELLA, SP. 


Host.—H eterometra reynaudii; on the cirri near their base. 
Locality —Palk Strait, Ceylon. 
Depth.—Littoral. 

MELANELLA CAPENSIS (THIELE). 


Host.—Annametra occidentalis; on the disk. 

Locality—Simon’s Bay, Cape of Good Hope. 

Depth—Lattoral. 

Remarks.—Thiele states that this species resembles M/. elongata from the coast 
of France. 

MELANELLA, SP. 

Host—Crinometra, sp.; from a pinnule. 

Locality —Off Habana, Cuba. 

Depth—The genus Crinometra occurs in the Caribbean Sea in water of 
from 33 to 600 fathoms in depth; it is most common between 100 and 250 fathoms. 

Remarks.—This form appears to be near J/. capensis from South Africa. 
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Host.—Stenometra diadema,; on the cirri. 
Locality.—Southern Japan. 
Depth.—Stenometra diadema occurs in from 80 to 170 fathoms of water. 


MELANELLA, SP. 


Host—Rhizocrinus verrilli; on the calyx. 

Locality —Off Nova Scotia. 

Depth—218 fathoms. 

Remarks.—In bulk the parasite is actually larger than the calyx of the crinoid. 
There are two perforations in the calyx on the side opposite that on which the 
gasteropod is attached, but probably made by the same individual. 


MELANELLA, SP. 


On a specimen of Coccometra hagenii in the collection of the Museum of Com- 
parative Zoology from the Pourtalés Plateau, in 200 to 225 fathoms, I found an 
unusually large parasitic Melanella attached to the interradial portion of the disk 
between the arm bases. Another specimen from the same locality showed a large 
hole in the same position, apparently made by the same, or a similar, Melanella. 


PARASITIC GASTEKOPOD. 


Speaking of the small parasitic gasteropods which he found on comatulids at 
Torres Strait, Lieutenant Potts says that while one or two were colorless, one 
individual, which occurred upon a very handsome crinoid striped red-brown and 
yellow, was very similar in color to its host. The shell was perfectly transparent, 
but the body was red-brown with distinct yellow spots. 


EGG CAPSULES OF A GASTEROPOD. 


Mortensen has reported having found the egg capsules of a gasteropod on the 
cirri of Hathrometra prolixa. 


PELECYPODA, 


The young of bivalves are sometimes to be found attached to the cirri and 
columns of the pentacrinites, much more rarely to the cirri of the comatulids, by 
their byssus. Such association is nothing more than casual, though it is to be 
observed almost every time that pentacrinites are brought up in the dredge. 

P. H. Carpenter records finding a small Avicula attached to one of the cirri 
of a specimen of Metacrinus interruptus from lat. 10° 14’ N., long. 123° 54’ E., 


in 95 fathoms. 
POLYZOA. 


Several polyzoans are of casual occurrence on the crinoids, and a number of 
species of the family Loxosomatide appear to be not at all uncommon as com- 
mensals on the cirri of comatulids, especially in the East Indian region. 
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Family BICELLARIID-. 
GEMELLARIA LORICATA, 


Mortensen has recorded young colonies of this species on the cirri of Hathro- 
metra proliva from northeastern Greenland. 


Family LOXOSOMATID. 


LOXOSOMELLA ANTEDONIS MORTENSEN. 


Figs. 1241-1245, pl. 39. 


This species was found by Mortensen on the cirri of Hathrometra prolixa 
from latitude 77° N. and longitude 17.5° W., in 300 meters. 

Osburn has recently recorded it from Etah, Foulke Fjord, Greenland, where it 
occurred on the cirri of Heliometra glacialis. 


ANNELIDA POLYCHATA. 


Family POLYNOIDA®. 


The first notice of a polynoid worm as a commensal on a comatulid was con- 
tained in a letter from R. von Willemoes-Suhm to Prof. C. Th. E. von Siebold 
and published by the latter in 1876. Willemoes-Suhm had observed in the Arafura 
Sea black and white worms of this type living on a large black and white comatulid. 

In 1902 A. Alcock recorded the discovery of a sea worm banded yellow and 
purple living on a comasterid, which also was banded yellow and purple. 

In 1908 H. C. Chadwick recorded a predominantly yellow specimen of Lampro- 
metra palmata from Suez which had a brown commensal polynoid living upon it. 

Lieut. F. A. Potts described in 1910 a species of Polynoé commensal on coma- 
tulids which had been found by Prof. J. Stanley Gardiner in the Maldive Islands, 
and in 1915 he described a second, which he himself had found at Torres Strait. 


POLYNOE CRINOIDICOLA POTTS. 


The original specimens were collected at the following localities: From 
comatulids at Suvadiva Atoll; at Kolumadulu Atoll; with a crustacean from a 
comatulid found on the west reef at Hulule, Male Atoll; and from a black comatulid 
at Miladummadulu Atol; all these atolls are in the Maldive archipelago. 

Potts states that the examples from two localities were dark red in color, but 
others described as commensals on black comatulids are colorless in alcohol, though 
they were black when alive. 


POLYNOE MINUTA VAR. OCULATA POTTS. 


This worm was found by Lieutenant Potts rather frequently on the darker 
varieties of Comanthus annulatus at Torres Strait. 

The dorsum, with the exception of two longitudinal pigment-free bands, is 
covered by a dark brown pigment which is insoluble in 70 per cent alcohol. The 
markings are hidden by the elytra, which are uniformly pigmented. 
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Potts found these worms always of a dark, almost black, appearance, and 
frequenting dark-colored crinoids, and believes that they must be absent from or 
rare on the lighter-colored hosts. 


Family SERPULIDZE. 


The tubes of serpulid worms are very commonly found on the cirri and stems 
of the pentacrinites, and occasionally on the cirri of the comatulids. 

None of the species occurring on the crinoids have been determined, but 
indefinite references to them are given by Mortensen (cirri of Hathrometra pro- 
lixa), Carpenter, and others. 


MYZOSTOMIDA, 


The Myzostomida, though very highly specialized and aberrant and differing 
widely in many respects from the other members of the group, belong to the 
Annelida Polycheta. 

The great majority are parasites of crinoids, but a few species occur upon or 
within starfishes and ophiurans. 

Many of the myzostomes wander freely over the body of the host, while 
others are more sedentary; some are more or less permanently fixed in one position, 
causing enlargements or malformations of the underlying pinnule or arm; a, few 
attach themselves to the ambulacral surface of the pinnule, the segments of which 
become larger and more hollowed out, thus forming a canal, while the whole 
pinnule is wound spirally, forming a chamber in which the parasite lives; certain 
species bore their way into the interior of a pinnule, which becomes swollen and 
pear shaped, and others cause insignificant thickenings of the brachials with 
fissures between them; some species cause the formation of small fusiform oval 
chambers, arranged longitudinally or transversely and arising from the enlarge- 
ment of some of the brachials or segments of the division series, while still others 
form cysts upon the ambulacral surface, sessile or of various forms, or pedunculate 
or club shaped, which are not produced by the transformation of a brachial or 
pinnule segment. A few species are true internal parasites, living either in the 
alimentary canal or in the ovaries. 

The body of the myzostome is a more or less circular disk provided on the 
margin with 10 pairs of digitiform processes. On the ventral side, arranged in 
two semicircles, are five pairs of nonarticulate parapodia, in the intervals between 
which, and nearer the margin, are four pairs of suckers. On the end of each of 
the parapodia is a curved pointed hook supported by a straight rod, which in 
order to guide the hook is furnished at its extremity with a bent end plate 
(manubrium) and several smaller hooks. The whole apparatus is capable of 
extension and retraction by means of a complicated system of muscles radiating 
outward from a central ventrally placed muscular mass. Close to the anterior 
end of the ventral surface is the mouth, and close to the posterior end is the aper- 
ture of the cloaca. The alimentary canal consists of a muscular pharynx, which 
can be extruded through the mouth, of an esophagus separated by a valve from 
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the stomach, which is itself separated by a circular fold from the terminal portion 
of the canal, the rectum; from the stomach a number of branched radiating ceca 
take their origin. Beneath the stomach is the large oblong central nervous system, 
which gives off anteriorly a commissure surrounding the pharynx. The sexual 
organs are hermaphroditic. The female organs consist of a number of ovarian 
ceca, dorsal in position; they open into the cloaca by a central uterine tube. The 
testes are usually ventral in position, and ramify on either side of the stomach; 
the ceca unite on either side into a spermatic vesicle, which opens to the exterior 
between the third parapodium and the margin of the body. 

In a few cases the radial arrangement of the body is considerably modified, 
and it may even be entirely lost, the body becoming greatly lengthened and the 
parapodia and suckers arranged in two parallel lines; while in Stelechopus not 
only has the external radial symmetry disappeared, but the muscular septa and the 
muscles of the parapodia are no longer convergent. 

While usually the apertures of the body, as well as the parapodia and suckers, 
are situated upon the ventral surface, in a few cases the oral and cloacal openings 
are upon one surface, while the parapodia are upon the other. 

Broadly speaking, the myzostomes may be divided into two groups. In one 
the body is stout and massive and of a solid consistency; the dorsal surface is 
usually vaulted; as a rule, there are no cirri, or, if present, they are represented 
by short inconspicuous processes. The ventral surface is bulged outward by the 
strongly developed muscular mass, and from this central elevation a number of 
smaller ridges run to the bases of the parapodia, and between them still smaller 
ridges connect the central elevation with the suckers. On the dorsal surface there 
are very often seen five pairs of feeble elevations, which mark the position of 
the base of the hook apparatus, and which may become very much enlarged; 
sometimes the whole intestine shows itself on the outside in the form of a series 
of elevated ridges. 

In the other the body is thin, flat, membranous, and somewhat transparent, 
with a more highly transparent marginal border, owing not merely to the lesser 
development of the muscles, but also to the fact that the ramifications of the 
intestines and genital organs do not quite extend to the periphery. The greater 
delicacy of the body in this group is owing to the slighter development of the 
muscles of the body, especially of the ventral muscular mass; but the presence of 
a more transparent marginal border is not confined to these forms. This group 
is also characterized by the possession of long cirri or cirrus-like processes on the 
margin of the body, of which the number occasionally exceeds 20. 

There are numerous transitional forms which unite these two groups and can 
with difficulty be assigned to either. Among these are the very remarkable types 
distinguished by the possession of two, four, or six fingerlike caudal appendages. 

In the cysticolous myzostomes the individuals contained in a single cyst 
either resemble each other in form and size or are very different. In the latter 
case each individual is either male or female, and the two sexes are very unlike 
in appearance, the female being usually from 50 to 100 times as large as the male. 
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That these forms are descended from androgynous species, in which the organs 
of one sex have gradually become abortive, is shown by those types in the females 
of which there are rudiments of testes but no male generative aperture. These 
dicecious species are also distinguished by the marginal position of the sexual 
apertures, both male and female, and by the form of the testes in the males. In 
a few, which resemble the free-living forms in the possession of 20 long cirri, 
the testes have the typical ramified form. In all the others they are compact, 
rounded organs occupying definite areas in the lateral portions of the body. 

In those forms in which the individuals inhabiting one cyst are not different 
in appearance the sexual organs have a different structure. Each individual in 
this case is androgynous but differs from the free-living androgynous species in 
that the testis is developed only on one side of the body, and there is but one 
male genital aperture. In one species there are small remnants of the other testis 
but no second male aperture. The testis also, as in the diewcious forms, is a small 
compact gland. 

The male and female being found associated in a common cyst and increasing 
in size with the growth of the cyst shows that they perforate the brachials or 
pinnules of their host together. The growth of the cyst is caused by the presence 
of the parasite. The female deposits her eggs within the cyst, and the young 
embryos, after they have abandoned the cyst and lost their ciliated coat, associate 
in pairs and bore their way through the brachials. 

In both sexes the sexual development begins with the appearance of testes, 
but in the female the testes degenerate and disappear entirely, or leave but a 
minute rudiment, when the ovaries make their appearance. 

Wheeler takes exception to von Graff’s supposition that the young myzo- 
stomes associate in pairs and together take part in forming a cyst. From his 
studies of Myzostomum parasiticum and M. pulvinar, both of which show a dis- 
tinct tendency to occur in pairs, each consisting of a senior and a junior individual, 
he is led to believe that, in the case of the cysticolous species, the cyst must be 
formed by a single individual, and that later a young myzostome, when it abandons 
its pelagic trochophore stage, must enter through the aperture of the cyst and 
settle down to a quiet life with the senior individual, and that the latter probably 
dies at the end of its female stage and, undergoing decomposition, may perhaps 
serve as food for its still vigorous junior partner, which in turn may become the 
senior partner of another young myzostome. According to this view, all the 
cysticolous myzostomes of a given species would not be cyst producing, but only 
those which, instead of entering the orifice of a preformed cyst in their juvenile 
stage, happen to settle between the brachials or contrive to work their way into 
the calcareous skeleton of the crinoid. 

In species like M. cirriferwm and M. parasiticum Wheeler recognizes during 
their development the four following sexual phases: 

1. A phase of sexual neutrality, or indifference. 

2. A protandric phase, extending from the appearance of the first ripe sper- 
matozoa to the appearance of the first ripe ova (male). 
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3. An androgynous or functionally hermaphroditic phase, extending from the 
appearance of the first ripe ova to the disappearance of the last ripe sperma- 
tozoa (hermaphroditic stage). 

4. A hysterogynous phase extending from the disappearance of the last sper- 
matozoa to the disappearance of the last ripe ova, an event which is very probably 
not attained at the time of the animal’s death (female). 

Wheeler states that in J/. pulvinar, and probably in many of the cysticolous 
species which are supposed to be dicecious, the male phase (4 ) is very short and 
terminates before the retarded appearance of the first mature ova, so that this 
species lacks a functionally hermaphroditic stage (4) corresponding to that of 
M. cirriferum and M. parasiticum, and instead there intervenes a period during 
which the animal grows but does not produce spermatozoa or ova; hence when a 
number of specimens are examined this sharp separation of the male and female 
phases in time has superficially the same appearance as the separation in space 
in gonochoristic forms with dwarf males. 

Among the other animals parasitic on crinoids an exactly similar asynchronism 
and sequence in the ripening of the sexual products occurs in Anilocra. 

To determine the relative abundance of MZyzostomum glabrum and M. cir- 
riferum von Graft examined 323 Antedons from Trieste (adriatica), Pirano 
(adriatica), Naples (mediterranea), and Messina (mediterranea), and found 123 
specimens of M/. glabrum and over 1,600 of M. cirriferum. 

The relative abundance of the two species is thus 1:14, and on the average 
there are 5.3 Mzyzostoma on each Antedon, 4.9 cirriferum, and 0.38 M. glabrum; 
or, each Antedon from the Mediterranean bears on the average 4 to 5 M. cirriferum, 
and each third Antedon 1 M. glabrum. But these averages do not represent the 
true state of affairs, for fully a third of the Antedons are entirely free from these 
parasites. Of the 323 examined, not quite two-thirds carried J/. cirriferum, while 
searcely one-fourth carried J/. glabrum; and while M. cirriferum almost always 
was present in greater numbers than /. glabrum, occasionally M. glabrum 
occurred in greater numbers than J. cirriferum. 

The 123 specimens of M/. glabrum were taken from 69 Antedons, on which 
they occurred with the following frequency : 


On 39 Antedons, 1. On 3 Antedons, 4. 
On 15 Antedons, 2. On 1 Antedon, 5. 
On 10 Antedons, 3. On 1 Antedon, 7. 


While as a rule there are rarely more than 3 J/. glabrum on a single Antedon, 
there are commonly from 6 to 8 or more J/. cirriferum, and on a specimen of 
A. adriatica from Trieste von Graff found no less than 27 of the latter. 

On a specimen of 7’ropiometra macrodiscus collected by Mr. Alan Owston in 
southern Japan I found 93 rather large myzostomes. 

The dorsal surface is sculptured only in the larger species. which are also 
often distinguished by large elevations and ridges on the surface of the body. 
This seulpturing, when present, takes various forms; the dorsal surface may be 
covered by fine folds; the skin may be divided by longitudinal and cross furrows 
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into a number of variously sized polygonal areas, minute, or larger, and separated 
by deeper furrows; or the skin may be covered by a quantity of small tubercles 
pressed close together or separated by intervals into larger and smaller groups; 
the tubercles may be of equal size, only diminishing slightly toward the borders, 
or of very different dimensions; occasionally they become so minute and closely 
packed that the skin acquires a granular appearance, while on the other hand they 
are sometimes highly developed and arranged in radial lines. 

Von Graff states that the group of species containing the larger and stouter 
forms displays most variety in color and sculpturing, though only on the dorsal 
surface, the ventral surface being always of a uniform dull yellow or brown. The 
species of the second group are nearly all yellow or brown, which are the pre- 
vailing colors of the myzostomes, with a somewhat lighter colored margin. The 
larger forms occasionally exhibit a pattern of two colors on the dorsal surface. 

Semper stated that he found Myzostomum glabrum (“ tuberculosum”), which 
is spotted with red and yellow, living only on variegated comatulids, while the 
uniformly colored A/. cirrijerwm he found only on red comatulids, which it matches 
in color. 

Von Willemoes-Suhm recorded the presence, in the Arafura Sea, of black and 
white spotted myzostomes living upon black and white comatulids. 

At Trieste von Graff examined 203 specimens of Antedon adriatica and found 
black, yellow and whitish myzostomes just as commonly on red individuals as red 
myzostomes on variegated individuals. 

In a special investigation of over 200 comatulids at Murray Islands, Torres 
Strait, Lieutenant Potts found that blackish, yellow, and white myzostomes were 
just as frequently to be found on red comatulids as blood-red myzostomes on varie- 
gated comatulids. 

Lieutenant Potts states that the myzostomes found on the comatulids at the Mur- 
ray Islands were very numerous and belonged to several species. They are in many 
cases very brightly colored, and have pronounced color patterns. Generally speak- 
ing, there are two types of pattern. In the first, concentric rings of bright and 
dark pigment alternate; in the second, the dorsal surface is ornamented with 
radiating ridges, and these are usually free from pigment or very light colored; 
the ridges are thrown into relief by an edging of a dark pigment, purple or black. 
The general ground color between the ridges as a rule approaches that of the 
comatulid upon which the myzostome is found. 

One of these was very common on the dark green or black varieties of Coman- 
thus annulatus. The alternate black and nonpigmented rings are in vivid contrast, 
but the myzostome is thin and the nonpigmented parts are so transparent as to be 
inconspicuous against the dark ground of the host. This species seems to occur 
only on the darker crinoids. In another species the same arrangement is found, 
but much lighter hues prevail, green pigment alternating with very light brown. 
The colors of the host were not noted. 

When the host is very light colored the alternation of darker rings does not 
occur. On a green variety of Comanthus annulatus a myzostome was found which 
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matched it perfectly. The greater part of the body was bright green, but a few 
white spots represented a broken ring of a lighter color; the edge was relieved by 
dashes of black pigment, while the cirri were brownish. A very magnificent 
example of the second type of coloration was found on a green form of Comanthus 
annulatus. It resembled its host closely and was comparatively inconspicuous. 
The general color was a bright green; the ridges appeared greenish white, darker 
at the edges owing to the addition of a granular pigment, and around each there 
was an intense black line. An allied form was found on darker crinoids. There 
the ridges were white or yellow, surrounded by a darker line (in one case of 
purple), and the ground color was brown. Lastly, in one or two forms almost 
the whole upper surface may be covered by a dark pigment. ‘Thus in one specimen 
the dorsal surface was a dark green, only relieved by a white line down the middle, 
while in another it was purple. These occurred on dark comatulids. 

Lieutenant Potts concludes that, on the whole, the myzostomes showed a great 
color resemblance to their hosts, though striking exceptions occurred, and, even 
when the color schemes harmonized, protection from human sight, at least, was 
not always secured. 

The first published notice of a myzostome is found in Delle Chiaje’s magnifi- 
cent memoir on the invertebrate animals of the kingdom of Naples, which appeared 
between 1822 and 1829. Delle Chiaje figured a myzostome on the disk of an 
Antedon, but he interpreted it not as a parasitic organism, but as a madreporic 
plate, comparable to the madreporic plates of the starfishes. 

Almost simultaneously F. S. Leuckart recognized these animals as peculiar 
worms occurring on the comatulids, and in 1827 he described several species from 
the Mediterranean and from the Red Sea. 

John Vaughan Thompson, who in 1827 had discovered the pentacrinoid young 
of Antedon bifida and subsequently had devoted much attention to this animal, 
naturally had noticed the parasitic myzostomes, and in the paper in which he 
announced the discovery that his Pentacrinus europwus was nothing more nor 
less than the young of Antedon bifida, published in 1835, he says of them: 

Connected with the natural history of the Comatula is that of a nondescript parasite which 
appears to be a complete zoological puzzle, as it is not possible to determine from its figure 
and structure to what class it ought to be referred. This little animal is figured * * * 
much magnified, its natural size not exceeding that of the breadth of the ossicula of the arms 
of the Comatula; it resembles a flat scale, runs about with considerable vivacity on the arms 
of the animal, and occasionally protrudes a flexible tubular proboscis ending in a papillary 
margin. The disk or body is surrounded by 18 or 20 retractile and movable tentacula, and 
beneath is furnished with five pair of short members, each ending in a hooked claw. Query, 
is it a perfect animal or a larva, and does it belong to the Crustacea, Annelides, or what? 

In connection with his work upon the crinoids, Johannes Miiller in 1841 
noticed Thompson’s parasite and bestowed upon it the name of Cyclocirra thomp- 
sonii, at the same time expressing the opinion that Delle Chiaje’s madreporic 
plate was in reality a similar form. He entirely failed to see the connection 
between these and the species which had been described by Leuckart in his new 
genus Myzostomum. 
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Sven Lovén in 1840 and in 1842 published additional information regarding 
the myzostomes of Antedon, and in 1858 Semper and also Diesing contributed to the 
knowledge of the Mediterranean species, both describing several new forms. 

In 1875 and 1876 C. Th. E. von Siebold published letters which he had received 
from R. von Willemoes-Suhm, one of the young naturalists on board the Challenger. 
Tn these letters which, having been written on shipboard by a youthful enthusiast, 
to whom everything was new and interesting, in the midst of the activities of the 
first great expedition for marine exploration, breathe the spirit of marine investi- 
gation to a degree which can never be attained by one who writes in the seclusion 
of the home from half-forgotten notes taken in the field, various encysting 
myzostomes are described, dicecious species are recorded, and remarks on the general 
biology of these animals are included. 

The year 1877 saw the completion of Ludwig Graff’s (later von Graff) mono- 
graph on the genus Myzostomum (emended by him to Myzostoma), in which all 
that was known about these creatures was included, and in which a considerable 
number of new forms, largely from the Philippines, were described. 

The appearance of this work at once called attention to Graff as the leading 
authority on the myzostomes, and the authorities in charge on the material collected 
by the numerous British exploring expeditions, actuated by the unselfishness and 
absence of narrow nationalism which has always characterized the scientific men 
of Britain, promptly turned over to him all the myzostomes in their possession. 
Thus between 1883 and 1887 he was enabled to publish reports upon the myzostomes 
of the Porcupine, Triton, and Challenger expeditions, his two volumes on the last 
remaining to this day the most voluminous and extensive contributions to the 
knowledge of the group from the systematic and distributional standpoint. 

On the original specimen of Metacrinus rotundus, which had been dredged in 
Sagami Bay, Japan, by Ludwig Déderlein, P. H. Carpenter found an interesting 
myzostome, which von Graff described in 1885. In the same year he called atten- 
tion to certain deformities in fossil crinoids, and suggested that they might have 
been caused by myzostomes. 

In 1885 P. H. Carpenter noticed certain cysts in the arms and pinnules of 
Antedon which he thought were caused by myzostomes, but they were shown by 
von Graff in 1887 to have a different origin. 

In 1886 von Graff described some new myzostomes which were found on the 
comatulids in the Zoological Museum at Copenhagen; and in 1887 F. von Wagner, 
one of his students, described a curious new form which he had found associated 
with Antedon adriatica on the Dalmatian coast.. 

Up to 1895 all the known myzostomes were parasitic upon the crinoids, and 
were either free-living or inclosed in cysts which, more or less developed, opened 
to the exterior. In that year Emil von Marenzeller made known a new type, 
Myzostomum asteriw, which lives as a true endoparasite in certain starfishes. 

In 1896 William Morton Wheeler, in a paper primarily on the sexual phases 
of the myzostomes, described several new species which he had found on penta- 
crinites in the British Museum. 
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In 1902 Hubert Lyman Clark announced the discovery of myzostomes on some 
ophiurans from southern Japan, and in 1905 Wheeler described a new species 
entoparasitic in a starfish from southern California. 

August Reichensperger described a new species in 1906 from the West Indian 
Tsocrinus decorus. 

In 1906 also Hubert Ludwig described an entoparasitic chetopod, Ophiuricola 
cynips, from a deep-sea ophiuran. While not related to the myzostomes, this 
animal, nevertheless, is of considerable interest in connection with them. 

Several new myzostomes from southern Japan (including those parasitic on 
ophiurans mentioned by H. L. Clark in 1902), the West Indies, and the Pacific 
coast of North America were described by Jesse F. McClendon in 1906 and 1907; 
and in 1908 Rudolf Ritter von Stummer-Traunfels gave a detailed account of two 
forms which had been found on the crinoids brought back by the Discovery from 
the shores of the Antarctic continent. 

In 1912 D. Fedotoff described a very extraordinary myzostome, which he 
called Protomyzostoma polynephris, and which he had found entoparasitice in an 
astrophyton or basket-fish, Gorgonocephalus eucnemis. Recently he has given a 
very detailed account of this type, and has announced its discovery in Gorgono- 
cephalus arcticus in the Kara Sea. 

In 1915 Charles L. Boulenger described the myzostomes from the comatulids 
collected by Mr. Cyril Crossland in the Sudanese Red Sea, among which he found 
one new species. 

The anatomy and embryology of the myzostomes have engaged the attention 
of many able investigators; the life history has been treated by Elias Metschnikoff 
(1866) and John Beard (1884) ; the sexual conditions by Beard (1894 and 1898), 
Wheeler (1894, and especially 1896), and A. F. Coventry (1910) ; various phases of 
the embryology by Wheeler (1895, 1896, and 1897), Kostanecki (1897, 1898, and 
1905), and Carazzi (1904) ; and the general anatomy by Nansen (1885 and 1887), 
von Wagner (1886), H. Pruho (1892), von Stummer-Traunfels (1903 and 1908), 
Maid] (1910), G. Retzius (1910), Boulenger (1911 and 1915), and Fedotoff (1914 
and especially 1916). 

The following list includes all the known species of myzostomes: 


MYZOSTOMUM HOROLOGIUM VON GRAFF. 


Occurrence.—F ree-living. 

Hosts—According to P. H. Carpenter most probably Comatula rotalaria and 
Comatula solaris, but more likely Zygometra microdiscus and Zygometra elegans. 

Localities —Challenger Station 186, Prince of Wales Channel, Torres Strait 
(lat. 10° 30’ S., long. 142° 18’ E.), 8 fathoms; and Challenger Station 187, off 
Booby Island, Torres Strait (lat. 10° 36’ S., long. 141° 55’ E.), 6 fathoms; probably 
also Vhallenger Station 190, in the Arafura Sea (lat. 8° 56’ S., long. 136° 05’ E.), 49 
fathoms. 

Remarks-—This appears to be the species mentioned by von Willemoes Suhm 
as occurring on a large black and white comatulid in the Arafura Sea. 
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At Challenger Stations 186, 187, and 190 (the last probably the station referred 
to by von Willemoes-Suhm) the large species of Zygometra, Z. microdiscus, or 
Z. elegans, were taken, while at the last in addition to Zygometra only Homalo- 
metra denticulata was found. These species of Zygometra occur black and white, 
while so far as we know Comatula rotalaria and (. solaris, in common with all 
the species in the subfamily to which they belong, are always unicolor, red to 
brown, deep purple or black, with the dorsal side of the arms sometimes lighter. 
Apparently the station to which von Willemoes-Suhm referred was Station 190, in 
49 fathoms—a depth beyond the known bathymetric range of Comatula rotalaria 
and of (@. solaris. 

MYZOSTOMUM LONGIPES VON GRAFF. 

Occurrence.—F ree-living. 

Host.—Uncertain. 

Locality.— Blake Station 269, off St. Vincent, West Indies, 124 fathoms. 

MYZOSTOMUM CHINESICUM VON GRAFF. 

Occurrence.—F ree-living. 

Host—Uncertain. 

Locality—Dredged in the China Sea. 


MYZOSTOMUM LABIATUM YON GRAFF. 


Occurrence.—F ree-living. 

Host.—Probably Pachylometra inequalis. 

Locality —Near Kandavu, Fiji (Jat. about 19° 06’ S., long. about 178° 18’ E.). 
210, 225, or 610 fathoms. 


MYZOSTOMUM ECHINUS VON GRAFF, 


Occurrence.—F ree-living. 

Hosts.—Comanthus parvicirra and probably Pachylometra inequalis or Chari- 
tometra incisa. 

Localities —C hallenger Station 174, near Kandavu, Fiji (latitude about 19° 06’ 
S., longitude about 178° 18’ E.), 210, 225, or 610 fathoms; and between Swatow 
and Formosa (Taiwan) (lat. 23° 20’ N., long. 118° 30’ E.), 17 fathoms. 

Remarks.—Comanthus parvicirra is an exclusively littoral type, while both 
Pachylometra inequalis and Charitometra incisa are from deep water. With the 
two last there were recorded from Challenger Station 174 Comatella stelligera, 
Comaster noveguinee, Comanthus parvicirra, Stephanometra spicata, and Lampro- 
metra protectus, all littoral species which certainly did not occur with them in life. 
It is most likely that I/yzostomum echinus from Station 174 lived on one of these. 


MYZOSTOMUM ALATUM VON GRAFF, 


Occurrence.—F ree-living. 

Hosts —Leptometra celtica and L. phalangium. 

Localities ——The Minch; The Minch, 60-80 fathoms; off Loch Scavaig, Skye; 
Porcupine Station 13, 1870, off Cape Mondego, Portugal (lat. 40° 16’ N., long. 
9° 37’ W.), 220 fathoms; off Carthagena, Spain, 80 fathoms. 
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MYZOSTOMUM COSTATUM F. 8. LEUCKART, 
Figs. 1255-1262, pl. 40. 


Occurrence.—Free-living. 

Hosts.—Comatula solaris, Comanthus parvicirra, Heterometra savignii, ?Lamp- 
rometra palmata, Prometra chadwicki, and ophiurans commensal on Heterometra 
savignii. Comatula, or Antedon, triqueta Semper, MS., is also given as a host of 
this species, but this form has never been identified. 

Localities —Red Sea; Tur, near Sinai; Ul Shubuk, 9 fathoms; Suez Bay, 10 
fathoms; near Bohol, Philippines. 


MYZOSTOMUM PLICATUM VON GRAFF. 


Occurrence.—Free-living. 
Host.—Comatella stelligera. 
Locality.— Australia. 


MYZOSTOMUM RUBROFASCIATUM VON GRAFF. 


Fig. 1263, pl. 40. 
Occurrence.—Free-living. 
Host.—Uncertain; Boulenger states that his specimens were obtained from an 
unidentified comatulid. 
Localities—Tur, near Sinai, Red Sea; Forculch Barrier Island, Red Sea. 


MYZOSTOMUM PARASITICUM F, 8. LEUCKART, 


Synonyms.—M yzostomum glabrum F. S. Leuckart. 
Myzostomum tuberculosum Semper. 

Occurrence.—F ree-living ; this species is found on the disk in the immediate 
vicinity of the mouth. 

Hosts.—Antedon adriatica, A. mediterranea, A. bifiida, and A. petasus. 

Localities —Adriatic Sea, at Cattaro; Mediterranean Sea, at Naples. It is 
stated to be very common on the disks of the several species of Antedon in all 
Kuropean seas. 


MYZOSTOMUM GIGAS (LUTKEN, MS.) VON GRAFF, 


Occurrence.—F ree-living. 

Hosts.—Heliometra glacialis and Tropiometra picta. 

Localities —Barents Sea (lat. 76° 51’ N., long. 44° 20’ E.), 145 fathoms; 
Barents Sea (lat. 74° 71’ 04’’ N., long. 50° 23’ E.), 84 fathoms; Porcupine Station 
57, 1869, southeast of the Faroé Islands (lat. 60° 14’ N.; long. 6° 17’ W.), 632 
fathoms; Jan Meyen; Priéven, north Greenland, 50 fathoms; Challenger Station 48, 
Le Have Bank (lat. 43° 04’ N., long. 64° 05’ W.), 51 fathoms; Bahia, Brazil. 


MYZOSTOMUM GIGANTEUM NANSEN. 


Occurrence.—Free-living. 
Host.—Hathrometra prolixa. 
Locality. — 
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MYZOSTOMUM TESTUDO VON GRAFF. 
Occurrence.—Free-living. 

Host—Nemaster rubiginosa. 

Locality —Blake Station 285, off Barbados, 13 to 40 fathoms. 


MYZOSTOMUM CHELONIUM M’CLENDON, 
Occurrence.—F ree-living. 


Host.—One or more of the local species of Calometride. 
Locality.—Southern Japan, Suruga Gulf and Sagami Bay. 


MYZOSTOMUM CHELONOIDIUM M’CLENDON. 
Occurrence.—Free-living. 


Host.—One or more of the local species of Calometride. 
Locality.—Southern Japan, Suruga Gulf and Sagami Bay. 


MYZOSTOMUM LUTKENI VON GRAFF. 
Occurrence.—F ree-living. 


Host.—Comanthus parvicirra. 
Locality —Tonga Islands. 


MYZOSTOMUM PALLIDUM VON GRAFF. 

Occurrence.—F ree-living. 

Hosts.—Comatula solaris, Comanthus parvicirra, and an undetermined coma- 
tulid referred to “ Comatula.” 

Locality —Near Bohol, Philippines. 

MYZOSTOMUM MARGINATUM VON GRAFF. 
Occurrence.—Free-living. 
Hosts —Nemaster iowensis and V. discoidea. 


Localities—Blake Station 155, off Montserrat, 88 fathoms; and Blake Sta- 
tion 203, off Martinique, 96 fathoms. 


MYZOSTOMUM GRAFFI NANSEN. 

Occurrence.—F ree-living. 

Host.—Hathrometra prolizxa. 

Locality.— 

MYZOSTOMUM BREVIPES VON GRAFF. 

Occurrence.—F ree-living. 

Host. —Crinometra, sp.; von Graff states that the host is Antedon poutalesii, 
but this species has not been determined with certainty. 

Locality —Off Carriacou, Grenadines, 163 fathoms. 


MYZOSTOMUM CARPENTERI VON GRAFF. 
Occurrence.—F ree-living. 
Host—Hathrometra prolizxa. 


Localities —Triton Station 5, south of the Faroe Islands (lat. 60° 11’ 25’” and 
60° 20’ 15’” N., long. 8° 15’ 00’’ and 8° 08’ 00’ W.), 285 to 433 fathoms; off eastern 
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Greenland (lat. 77° 18.5’. N., long. 18.5’ W.), in 304 meters, and (lat. 76° 06’ N., 
long. 18° 26’ W.), in 200 to 250 meters. 


MYZOSTOMUM AREOLATUM VON GRAFF, 


Occurrence —F ree-living. 

Hosts —Comactinia echinoptera and Comactinia meridionalis (recorded as 
Actinometra blakei and Actinometra meridionalis var. quadrata. 

Localities —Blake Stations 172, off Guadeloupe, 62 to 100 fathoms; 203, off 
Martinique, 10 to 27 fathoms; and 278, off Barbados, 69 fathoms. 





MYZOSTOMUM TRISTE VON GRAFF. 

Occurrence —F ree-living. 

Hosts.—Comanthus  parvicirra, and undetermined comatulids recorded as 
“uncertain,” and “ Comatula, sp., in Tl. Semper collectione No. 6 signata.” 

Localities —Near Bohol, Philippines; and Oceania (“ Tahiti, Samoa, etc.”). 

MYZOSTOMUM CORIACEUM VON GRAFF. 

Occurrence.—F ree-living. 

Host.—Colobometra perspinosa, and “a black Actinometra (n. sp.).” 

Localities —Port Denison, Queensland; 3 to 4 fathoms; Moluccas. 

Remarks.—The host of this species was originally recorded as Antedon insignis 
Bell; later yon Graff stated, on the authority of P. H. Carpenter, that, Bell had 
changed his specific name insignis to lovéni, but insignis-lovéni is the same species 
that had previously been described by Carpenter under the name perspinosa. 


MYZOSTOMUM RADIATUM VON GRAFF. 
Occurrence.—F ree-living. 
Host.—A species closely allied to, if not, Comactinia meridionalis. 
Locality —Near Barbados. 


MYZOSTOMUM PULVINAR VON GRAFF, — 


Occurrence.—¥ ree-living. 
Hosts —Leptometra celtica and L. phalangium. 
Localities——The Minch, 60 to 80 fathoms; off Loch Scavaig, Skye; Bay of 


Sorrento (near Naples). 
MYZOSTOMUM CALYCOTYLE VON GRAFF, 
Occurrence.—¥ ree-living. 


Host.—Endoxocrinus alternicirrus. 
Locality —Challenger Station 214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM COMPRESSUM VON GRAFF, 


Occurrence.—F ree-living. 

Host.—lIlycrinus australis. 

Locality —C hallenger Station 146, in the vicinity of the Crozet Islands (lat. 
46° 46’ S., long. 45° 31’ E.), 1,375 fathoms. 
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MYZOSTOMUM BREYICIRRUM VON GRAFF. 

Occurrence.—F ree-living. 

Host—Comanthus parvicirra. 

Localities —Between Swatow and Formosa (Taiwan) (lat. 23° 20’ N., long. 
118° 30’ E.), 17 fathoms, and the Tonga Islands. 


MYZOSTOMUM PICTUM VON GRAFF. 


Occurrence.—¥ ree-living. 
Host—Probably Stylometra spinifera. 
Locality.—Blake Station 157, off Montserrat, West Indies, 120 fathoms. 


MYZOSTOMUM NIGRESCENS VON GRAFF. 


Occurrence.—F ree-living. 
Host—Comanthus parvicirra. 
Locality —Tokyo Bay, Japan. 


MYZOSTOMUM CIRRIFERUM F, 8, LEUCKART. 


Synonyms.—C yclocirra thompsonii J. Miiller. 
Myzostomum thomsoni Diesing. 
Myzostomum schultzeanum Diesing. 

Occurrence.—F ree-living. 

Hosts—Antedon petasus, A. bifida, A. mediterranea, A. adriatica, and Hath- 
rometra prolixa. 

Localities —Probably cold area, Faroe Channel (Porcupine, 1869); Triton 
Station 3, on the Faroe Banks (lat. 60° 39’ 30’’ N. long. 9° 06’ 007 W.), 87 
fathoms; Norway; Arendal, Norway; western coast of Sweden; Cattegat; Bressay 
Sound, Shetland, 5 to 7 fathoms; “northern seas”; Arran, 5 to 10 fathoms; Isle 
of Man; Oban; Keumaes Bay, north coast of Anglesea; Torquay; Ireland; Naples; 
Trieste. 

Remarks.—VThis is the species that was mistaken by Delle Chiaje for a madre- 
poric plate. Miiller recognized his figure as representing a parasite similar to the 
one to which attention had already been called by J. V. Thompson, upon which he 
bestowed the name of Cyclocirra thompsonii. 


MYZOSTOMUM CERRIFEROIDIUM M’CLENDON. 


Occurrence.—F¥ ree-living. , 

Hosts —Crinometra insculpta and Analcidometra armata. 

Localities —A lbatross Stations 2752, off St. Vincent, West Indies, 281 fathoms; 
2753, off St. Vincent, 281 fathoms; and 2146, near Colon, 34 fathoms. 


MYZOSTOMUM CRENATUM VON GRAFF. 


Occurrence.—F ree-living. 

Host—?Comactinia meridionalis. 

Localities—Blake Station 203, off Martinique, 10 to 27 fathoms; and /nves- 
tigator Station near St. Lucia (lat. 13° 22’ N., long. 61° 07’ W.), 278 fathoms. 
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MYZOSTOMUM /LONGICIRRUM VON GRAFF. 


Fig. 1265, pl. 41. 


Occurrence,—F ree-living. 
Host—Comanthus parvicirra. 
Locality —Zamboanga, Philippine Islands. 


MYZOSTOMUM WYVILLETHOMSONI VON GRAFF, 


Occurrence.—F ree-living. 

Hosts—Metacrinus costatus and M. angulatus. 

Localities —Challenger Stations 192, near the Kei Islands, 140 fathoms: and 
214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM CIRCINATUM WHEELER. 


Occurrence.—F ree-living. 
Host—Endoxocrinus alternicirrus or Hypalocrinus naresianus. 
Locality.—C hallenger Station 214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM VASTUM VON GRAFF. 


Occurrence.—Free-living. 

Hosts.—Comactinia echinoptera and Comanthus japonica. 

Localities —Blake Stations 39, 16 miles north of the Jolbos Islands, south- 
western part of the Yucatan Bank, 14 fathoms; and 203, off Martinique, 10 to 27 
fathoms; and southern Japan. 


MYZOSTOMUM AGASSIZII VON GRAFF, 


Occurrence —¥ ree-living. 

Hosts.—Coccometra hagenii and probably Stylometra spinifera. 

Localities—Near Bahia Honda, Cuba, 100 fathoms; Blake Stations 32. on the 
northern part of the Yucatan Bank, 95 fathoms; 155, off Montserrat, 88 fathoms; 
and 269, off St. Vincent, 124 fathoms. 


MYZOSTOMUM DUBIUM VON GRAFF. 


Occurrence.—F ree-living. 

Hosts —Heterometra crenulata (recorded as Comatula [or Antedon] dubia) 
and an unidentifiable species recorded as Comatula (or Antedon) triqueta. 

Locality—Near Bohol, Philippines. 


MYZOSTOMUM MOEBIANUM VON GRAFF. 


Occurrence.—F ree-living. 

Host.—Recorded as “ Comatula, sp.” 

Locality.—Fouquet Island, southeast of Mauritius, 18 fathoms. 

Remarks.—The species collected by Professor Mébius at Fouquet Island were 
Oligometra occidentalis, Tropiometra carinata, and Dorometra mauritiana. 
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MYZOSTOMUM ELONGATUM VON’ GRAFF. 

Occurrence.—F ree-living. 

Hosts.—A specimen was found lying loose in a jar with Stephanometra spicata 
and Lamprometra protectus, and another was taken from an unidentifiable species 
recorded as Comatula (or Antedon) triqueta. 

Localities —Near Bohol, Philippines; and Challenger Station 174, near Kan- 
davu, Fiji, 210, 225, or 610 fathoms. 

Remarks.—There is some mistake in regard to the Challenger station given. 
The species recorded from it, Stephanometra spicata and Lamprometra protectus, 
are both littoral and could not have occurred at any of the depths given. 


MYZOSTOMUM VERRUCOSUM VON GRAFF. 
Occurrence.—F ree-living. 
Host—An undeterminable species recorded as Comatula (or Antedon) triqueia. 
Loeality.—Near Bohol, Philippines. 


MYZOSTOMUM DENTATUM VON GRAFF. 

Occurrence.—F ree-living. 

Hosts —Heterometra crenulata; another specimen was found lying loose in a 
jar containing Comatula solaris, Comanthus bennetti, and five endocyclic 
ecomatulids. 

Localities —C hallenger Station 186, Prince of Wales Channel, Torres Strait, 
8 fathoms; and the Moluccas. 


MYZOSTOMUM FIMBRIATUM VON GRAFF. 
Occurrence.—F ree-living. 
Host.—Heliometra glacialis. 
Locality —Challenger Station 48, Le Have Bank (lat. 48° 04’ N., long 64° 
05’ W), 51 fathoms. 
MYZOSTOMUM EXCISUM YON GRAFF. 
Occurrence.—F ree-living. 
Hosts —Coccometra hagenii, and a species recorded as Antedon impinnata. 
Localities —Off Alligator Reef, Florida, 96 fathoms; and North Bay, Mau- 
ritius, 15 fathoms. 
MYZOSTOMUM IRREGULARE VON GRAFF. 
Occurrence.—F ree-living. 
Hosts.—Comactinia echinoperta and C. meridionalis. 
Localities —West of Tortugas; “ U. S. Coast Survey, 100 fathoms”; Blake 
Stations 45, northwest of the Tortugas, 101 fathoms; 203, off Martinique, 10 to 27 
fathoms; and 249, off Grenada, 262 fathoms. 


MYZOSTOMUM CARIBBEANUM VON GRAFF, 


Occurrence.—F¥ ree-living. 
Host.—Uncertain. 
Locality Caribbean Sea. 
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MYZOSTOMUM ROTUNDUM VON GRAFF, 


Occurrence.—F ree-living. 
Host.—Comactinia echinoptera. 
Locality —Blake Station 249, off Grenada, 262 fathoms. 


MYZOSTOMUM OBLONGUM VON GRAFF. 


Occurrence.—F ree-living. 
Host.—Probably Comactinia echinoptera. 
Locality —Blake Station 249, off Grenada, 262 fathoms. 


MYZOSTOMUM OBLONGUM VON GRAFF. 


Occurrence —F ree-living. 

Host—Neocomatella pulchella. 

Localities—Blake Stations 210, off Martinique, 191 fathoms; 224, off St. Vin- 
cent, 114 fathoms; and 269, off St. Vincent, 124 fathoms. 


MYZOSTOMUM ELEGANS VON GRAFF, 


Occurrence.—F ree-living. 
Hosts.—Comanthus parvicirra, Comactinia meridionalis, and an unidantiebio 


comatulid recorded as Comatula (or Antedon) triqueta. 
Localities Near Bohol, Philippines; and off French Reef, Florida.. 


MYZOSTOMUM EVERMANNI M’CLENDON. 


Occurrence.—F ree-living. 
Host.—Comactinia echinoptera. 
Locality.— Albatross Station 2166, off Habana, Cuba, 196 fathoms. 


MYZOSTOMUM ANTENNATUM VON GRAFF, 


Occurrence.—F ree-living. 

/Tost—Recorded by von Graff as uncertain; McClendon found it on Comanthus 
pinguis and on Afetacrinus rotundus. 

Localities —Amoy, China, and Suruga Gulf and Sagami Bays, southern Japan. 

Remarks.—According to McClendon the following should be considered a 
synonym of this species: 


MYZOSTOMUM AMBIGUUM VON GRAFF, 


Fig. 1266, pl. 41. 


Occurrence.—F ree-living. 

Host.—This species was found lying loose in a jar with Comatula solaris, 
Comanthus bennetti, and five endocyclic comatulids. 

Locality —Moluceas. 
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MYZOSTOMUM CORNUTUM VON GRAFF. 
Occurrence.—F ree-living. 
Hosts.—Thaumatometra cypris, and an undeterminable species recorded as 
Comatula (or Antedon) triqueta. 
Localities —Challenger Station 236, south of Japan, 775 fathoms; and near 


Bohol, Philippines. 
MYZOSTOMUM BRACHIATUM VON GRAFF. 


Occurrence.—F ree-living. 
Host—Comatella nigra. 
Locality.—Near Bohol, Philippines. 


MYZOSTOMUM FISSUM VON GRAFF, 


Occurrence.—F ree-living. 
Hosts.—Uncertain; perhaps Pachylometra inequalis; another specimen was 


found loose in a jar with Stephanometra spicata and Lamprometra protectus. 
Locality —C hallenger Station 174, near Kandavu, Fiji, 210, 225, or 610 fathoms. 
Remarks.—Stephanometra spicataand Lamprometra protectus are both strictly 
littoral types and could not have occurred at any of the depths given. 


MYZOSTOMUM INTERMEDIUM VON GRAFF, 


Occurrence.—¥ ree-living. 


Host.—Zygometra microdiscus. 
Locality. Challenger Station 187, off Booby Island, Torres Strait, 6 fathoms. 


MYZOSTOMUM QUADRIFILUM VON GRAFF. 


Occurrence.—¥ ree-liying. 
Hosts —Zygometra. microdiscus and Heterometra crenulata. 
Locality Challenger Station 186, Prince of Wales Channel, Torres. Strait, 


8 fathoms. 
MYZOSTOMUM QUADRICAUDATUM VON GRAFF. 


Pl. 52, fig. 1344. 


Occurrence-—Free-living. 


Host.—Zygometra elegans. 
Localities —Challenger Station 190, Arafura Sea, 49 fathoms; and Torres 


Strait, 10 fathoms, Alert. 


MYZOSTOMUM LOBATUM VON GRAFF, 


Occurrence.—F ree-living. 
Host—Capillaster multiradiata. 
Locality—Near Bohol, Philippines. 
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MYZOSTOMUM FURCATUM VON GRAFF, 


Occurrence.—F ree-living. 

Host.—Found lying loose in a jar containing a black comasterid and several 
other comatulids. 

Locality.—Moluceas. 


MYZOSTOMUM BICAUDATUM VON GRAFF, 


Occurrence.—F ree-living. 
Host.—Comactinia meridionalis. 
Locality— West of the Tortugas, Florida. 


MYZOSTOMUM FILICAUDA VON GRAFF, 
Fig. 1264, pl. 41. 


Occurrence,—F ree-living. 
Host—Coccometra hagenit. 
Locality.—Off Sand Key, Florida. 


MYZOSTOMUM FILIFERUM VON GRAFF, 


Pl. 52, fig. 1348. 
Occurrence.—F ree-living. 
Host—Heterometra crenulata. : 
Locality Challenger Station 186, Prince of Wales Channel, Torres Strait, 
8 fathoms. 
MYZOSTOMUM CARINATUM VON GRAFF. 


Occurrence. —F ree-living. 

Hosts—Neocomatella alata; another specimen was found on a comatulid re- 
corded as Antedon impinnata; and a third was found loose in a jar containing 
Comatula solaris, Comanthus bennetti, and five endocyclic comatulids. 

Localities —Blake Station 193, off Martinique, 169 fathoms; North Bay, Mau- 
ritius, 15 fathoms; and the Moluccas. 


MYZOSTOMUM CORONATUM VON GRAFF, 


Occurrence.—¥ ree-living. 

Host.—Ilycrinus australis. 

Locality.—Challenger Station 146, west of the Crozet Islands. (lat. 46° 46’ S., 
long. 45° 31’ E.), 1,875 fathoms. 


MYZOSTOMUM VINCENTINUM REICHENSPERGER. 


Occurrence.—F ree-living. 
Host.—Isocrinus decorus. 
Locality. — Blake Station 269, off St. Vincent, 124 fathoms. 
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MYZOSTOMUM FOLIUM VON GRAFF. 


Occurrence.—F¥ ree-living. 
Host.—Cyllometra manca. 
Locality.—C hallenger Station 192, near the: Kei Islands, 140 fathoms. 


MYZOSTOMUM MEMBRANACEUM VON GRAFF. 

Occurrence.—¥ ree-living. 

Host—Stephanometra spicata. 

Locality —Challenger Station 208, Philippine Islands (lat. 11° 37’ N. ping. 
123° 31’ E.), 18 fathoms. 


MYZOSTOMUM BUCCHICHIT VON WAGNER. 
Occurrence. —Free-living. 

Host.—Antedon adriatica. 

Locality.—Near Clemente Island, south of Lesina, Dalmatia. 


MYZOSTOMUM CIRRIPEDIUM VON GRAFF, 
Occurrence.—F ree-living. 
Host.—Metacrinus rotundus. 
Locality —Sagami Bay, southern Japan, 70 fathoms. 


MYZOSTOMUM NANSENI VON GRAFF. 

Occurrence.—F ree-living. 

Host.—This species was found lying loose in a jar containing a black comasterid 
and several other comatulids. 

Locality —Moluceas. 


MYZOSTOMUM JAPONICUM M’CLENDON. 

Occurrence.—F ree-living. 

Hosts.—Two ophiurans, both belonging to the family Trichasteride, Ophiocreas 
edipus Lyman, and Astroceras pergaména Liman. 

Localities —A lbatross Stations 3755, off southern Japan, 52 to 77 fathoms, and 
4979, off southern Japan, 943 fathoms. 

Remarks.—It is of course possible that these myzostomes are of accidental 
occurrence on the ophiurans, having crawled onto them from crinoids inhabiting 
the same localities. 

MYZOSTOMUM SMITHI M’CLENDON. 

Occurrence.—F ree-living. 

Hosts.—One or more of the local species of Calometride. 

Locality.—Southern Japan, Suruga Gulf and Sagami Bay. 


MYZOSTOMUM WHEELERI M’CLENDON. 
Occurrence —Free-living. 
Host.—Metacrinus rotundus. 
Locality.—Southern Japan, Suruga Gulf and Sagami Bay. 
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MYZOSTOMUM METACRINI M’CLENDON. 


Occurrence.—Free-living. 
Host.—Metacrinus rotundus. 
Locality—Southern Japan, Suruga Gulf and Sagami Bay. 


MYZOSTOMUM CUBANUM M’CLENDON. 


Occurrence.—Free-living. 
Host.—Uncertain. 
Locality —Albatross Station 2156, off Habana, Cuba, 289 fathoms. 


MYZOSTOMUM DEANI M’CLENDON. 


Occurrence.—F ree-living. 

Hosts —Florometra serratissima and F. perplexa. 

Localities —Albatross Stations 3449, off the state of Washington, 135 fathoms; 
and 3350, off northern California, 75 fathoms; and off Pacific Grove, California. 


MYZOSTOMUM CROSSLANDI BOULENGER. 
Figs. 1251-1253, pl. 40. 


Occurrence.—Free-living. 

Hosts—Heterometra savignii, Prometra chadwicki, and an undetermined 
comatulid. 

Localities —Red Sea; Ul] Shubuk, and Suez Bay,.in 10 fathoms. 


MYZOSTOMUM ANTARCTICUM VON STUMMER-TRAUNFELS., 


Occurrence.—F ree-living. 

Host.—Anthometra adriani. 

Locality—Shores of the Antarctic continent, in 124 fathoms; winter quarters 
of the Discovery. 


MYZOSTOMUM ASYMMETRICUM VON GRAFF, 
Pig. 1282, pl: 43: 


Occurrence.—Sticking fast to, and enlarging, the pinnules. 
Host.—Endoxocrinus alternicirrus. 
Locality.—C hallenger Station 214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM PLATYPUS VON GRAFF. 


Figs. 1286, 1287, pl. 438, and pl. 57, fig. 1363: 


Occurrence.—In swellings on the disk. In regard to these swellings P. H. 
Carpenter wrote to Professor von Graff: 

Among six individuals of Actinometra nobilis [Comanthina schlegelii] from Samboanga T 
find one with some structures on the disk that I now recognize as Myzostoma cysts, though 
I did not know them in 1878. They seem to have no plating whatever, which is curious. I 
send you one with the Myzostoma inside, which I cut from a corner where the disk was torn; 
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and I shall have another part of the disk with a group of cysts drawn by my best artist. They 
are always close to the ambulacral grooves and most frequently open into them, I suppose in 
order that the Myzostoma may get hold of some of the food particles which are traveling towards 
the mouth. ; 

Host—Comanthina schlegelit. 

Localities —Singapore, and Zamboanga, Philippines. 


MYZOSTOMUM PENTACRINI VON GRAFF. 


Figs. 1283-1285, pl. 43. 


Occurrence.—In swellings on the arms. 
Host—Endowrocrinus alternicirrus. 
Locality —C hallenger Station 214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM CLARKI M’CLENDON. 


Occurrence—In cysts in the form of an oval enlargement with a pore at 
either end. 

Host—Metacrinus rotundus. 

Localities.—Albatross Station 3741, off southern Japan, 63 to 68 fathoms; and 
Suruga Gulf and Sagami Bay, southern Japan. 


MYZOSTOMUM BREMITA WHEELER. 


Occurrence.—In cysts. 
Host.—Metacrinus moseleyi. 
Locatity.—C hallenger Station 214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM CRYPTOPODIUM WHEELER. 


Occurrence.—In a smooth pea-shaped calcareous cyst. 
Host.—Metacrinus interruptus. 
Locality.—Not definitely known. 


MYZOSTOMUM BEARDI VON GRAFF. 
Figs. 1288-1290, pl. 44. 
Occurrence.—In swellings on the arms,- 


Host.—Perissometra flexilis. at 
Locality —C hallenger Station 192, near the Kei Islands, 140 fathoms. 


MYZOSTOMUM BELLI WHEELER, 


Occurrence.—In hard calcareous galls at the base of the arms. 
Host—Endoxocrinus alternicirrus. 
Locality.—Challenger Station 214, off the Meangis Islands, 500 fathoms. 
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MYZOSTOMUM DEFORMATOR VON GRAFF. 
Figs, 1277-1279, pl. 43. 


Occurrence.—Within the pinnules, which become swollen and ovoid. 
Host.—Endoxocrinus alternicirrus. 
Locality —C hallenger Station 214, off the Meangis Islands, 500 fathoms. 


MYZOSTOMUM CYSTICOLUM VON GRAFF. 
Figs. 1276, pl. 42; and 1293-1297, pl. 44. 


Occurrence.—In independent sessile cysts on the pinnules and on the ambu- 
lacral side of the arms. 

Hosts.—Comactinia echinoptera, Comactinia meridionalis, and Anthometra 
adriani. 

Localities —Offt Cape Frio, Brazil; Blake Station 249, off Grenada, 262 
fathoms; and shores of the Antarctic Continent near Mounts Erebus and Terror, 
500 fathoms. 


MYZOSTOMUM CYSTICOLUM VAR. CYSTIHYMENODES M’CLENDON, 


Occurrence.—In uncalcified ovoid cysts protruding from the ambulacral groove 
of the arms. 
Host.—F lorometra asperrima. 
Locality —Off the Trinity Islands, Gulf of Alaska, 159 fathoms, at Albatross 
Station 2853. 
MYZOSTOMUM CYSTICOLUM VAR. ORIENTALE M’CLENDON, 


Occurrence.—F ound in a cyst 5 mm. in length with a pore at each end, which 
contained two individuals, a large one occupying nearly the cavity of the cyst and 
a small flat one between the larger and the wall of the cyst near one of the pores. 

Host.—One or more of the local species of Calometride. 

Locality.—Southern Japan. 


MYZOSTOMUM TENUISPINUM VON GRAFF. 
Figs. 1254, pl. 40, 1270-1275, pl. 42, and 1298, 1299, 1302-1304, pl. 44. 


Occurrence.—In roundish arm cysts. 

Hosts—Pachylometra inequalis, Perissometra angusticalyx, Charitometra 
basicurva, and Charitometra incisa. 

Localities —C hallenger Stations 170, off the Kermadec Islands, 630 fathoms; 
174, near Kandavu, Fiji, 210, 225, or 610 fathoms; and 214, off the Meangis Islands, 
500 fathoms. 


MYZOSTOMUM WILLEMCESII VON GRAFF. 
Figs. 1267-1269, pl. 42, and 1291, 1292, pl. 44. 


Occurrence.—In spiral malformations of the pinnules. 


Hosts.—Pachylometra inequalis, Perissometra flexilis, and Charitometra basi- 
curva. 
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Localities —Challenger Stations 170, off the Kermadec Islands, 630 fathoms; 
170, near Kandavu, Fiji, 210, 225, or 610 fathoms; and 192, near the Kei Islands, 
140 fathoms. 

MYZOSTOMUM INFLATOR VON GRAFF. 

Occurrence.—In independent sessile cysts. 

Hosts—Neocomatella pulchella and Adelometra angustiradia. 

Localities —Challenger Station 192, near the Kei Islands, 140 fathoms; and 
Blake Station 294, off Barbados, 136 fathoms. 


MYZOSTOMUM MURRAYI VON GRAFF. 
Figs. 1300, 1801, pl. 44. 


Occurrence.—In independent stalked cysts. 

Hosts—Horeometra duplex, Stiremetra breviradia, and Adelometra angusti- 
radia. 

Localities —Challenger Stations 170, off the Kermadec Islands, 630 fathoms, 
and 192, near the Kei Islands, 140 fathoms; and Blake Station 269, off St. Vincent, 
West Indies, 124 fathoms. 


MYZOSTOMUM ASTERLE VON MARENZELLER. 
Occurrence-—Endoparasitic, living within the diverticula of the intestinal 
tract. 
Hosts—Two starfishes, both belonging to the family Asteriide, Asterias rich- 
ardi Perrier and Stolasterias neglecta Perrier. 
Locality.—Eastern Mediterranean. 


MYZOSTOMUM FISHERI WHEELER. 
Occurrence —Endoparasitic;,one was found in an interradial portion of the 
celomic cavity. 
Host—A starfish of the family Goniasteride, Ceramaster leptoceramus 
(Fisher). 
Locality —Off Point Loma, near San Diego, California, 376 to 594 fathoms. 


MYZOSTOMUM, SP. 


Occurrence.—F¥ ree living. 
Host—Amphimetra molleri, 
Locality —Padau Bay, Mergui Archipelago. 


MYZOSTOMUM, SP. 


Occurrence.—Free living. 

Host—C haritometra incisa. 

Locality—C hallenger Station 170, off the Kermadec Islands, 630 fathoms. 

Remarks.—Professor von Graff states that this species shows some resemblance 
in form, thickness, and translucent marginal zone to M. brevipes. 
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Occurrence.—F ree-living. 
Host.—Glyptometra tuberosa. 
Locality —Challenger Station 210, off Panglao and Siquijor, Philippines, 375 
fathoms. 
MYZOSTOMUM, SP, 


Occurrence.—F ree-living. 
Host.—Amphimetra molleri or Zygometra comata. 
Locality —Padau Bay, Mergui Archipelago. 


MYZOSTOMUM, SP. 


Occurrence.—F ree-living. 

Host.—Possibly Thaumatometra tenuis; Professor von Graff gives the host as 
“a small form of Antedon.” 

Locality. —V ladivostock. 


MYZOSTOMUM, SP. 


Occurrence,—F ree-living. 
Host.—“Antedon, sp.” 
Locality. Blake Station 219, off St. Lucia, 151 fathoms. 


PROTOMYZOSTOMA POLYNEPHRIS FEDOTOV. 


Occurrence.—Endoparasitic, in the genital organs. 

Hosts.—Two ophiurans of the family Gorgonocephalide, Gorgonocephalus 
eucnemis (Miiller and Troschel) and G@. arcticus Leach. 

Localities—Kola Fjord, 100 to 180 meters (in Gorgonocephalus eucnemis) ; 
Kara Sea (in G. arcticus). 


STELECHOPUS HYOCRINI VON GRAFF. 


Occurrence.—F¥ ree-living. 

Host.—Hyocrinus bethellianus (in the original description given as Hyocrinus 
bethellianus and [lycrinus australis, but later corrected). 

Localities—C hallenger Stations 146, west of the Crozet Islands (lat. 46° 46’ S., 
long. 45° 31’ E.), 1,875 fathoms; and 147, between Marion Island and the Crozets 
(lat. 46° 16’ S., long. 48° 27’ E.), 1,600 fathoms. 

Dr. L. E. Griffin reports finding undetermined species of myzostomes on speci- 
mens of Stephanometra echinus and S. oxyacantha taken at Port Galera, Mindoro, 
Philippines. . 

Tt is an interesting fact' that the myzostomes are parasitized by several internal 
organisms belonging to groups not known to infest their hosts. 

Nansen has deseribed a tapeworm, Tania myzostoma, from Myzostomum 
grafi. Dr. Brayton H. Ransom writes me that from Nansen’s description it is 
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not possible to determine the genus to which Z'wnia myzostoma belongs, but that 
presumably it is the larval stage of a fish tapeworm. . Various genera are repre- 
sented among the tapeworms of fishes, but very little is known of their larval 
stages, 

Wheeler has described a distome, Distoma myzostomatis, from Myzostomum 
platypus—a curious instance of a trematode parasitic within a myzostome, which 
itself is parasitic within a crinoid. 

Wheeler has also described Ame@eba myzostomatis, possibly, as he suggests, the 
young of some gregarine, which he found in great numbers in the body cavity 
of Myzostomum parasiticum, where it attacks the ova. 

The two following cases of parasitism among the ophiurans are of interest in 
connection with the worm parasites of the crinoids. 

Metschnikoff has described a curious worm, Phopalura, of the family Ortho- 
nectide, the cysts of which sometimes fill the body cavity of Amphiura squamata 
Sars and take the place of the ovaries, which disappear. 

Ludwig has called attention to an extraordinary polychete which he called 
Ophiuricola cynips and which he found in the body of a specimen of Ophioglypha 
tumulosa Liitken and Mortensen from 2,845 fathoms (5,203 meters). 

None of the turbellarians have been found associated with the crinoids, though 
Anoplodium occurs within or upon holothurians. 


UNDETERMINED WORM. 


In some sections of three different specimens of Comanthus parvicirra which 
had been brought back from the Philippine Islands by Professor Semper, which 
he prepared while studying at the zoological laboratory of the University of 
Wiirzburg, P. H. Carpenter found a peculiar worm. 

Tt was first noticed in the eceliac canal of the arms, which it often almost filled, 
so as to suggest the idea that the egg had been introduced into the body cavity and 
had developed in that part of it. He subsequently found it in the visceral mass 
of two other individuals, occupying some of the meshes in the connective tissue 
network which fills up the intervisceral celome. 


PARASITE OF DOUBTFUL AFFINITIES. 


In Notocrinus virilis Dr. Th. Mortensen found a small elongate body lying 
in the cavity, of the ovary, which was evidently a parasitic organism. Having 
been unable to find another specimen of this parasite he did not venture to state 
definitely what it was, but suggested that it might have been a myzostome. 


CQMLENTERATA., 


In 1868 Count. Pourtalés mentioned that the columns of Bourgueticrinus 
hotessiert (Bythocrinus, sp.) which he was recording from 237, 248, and 306 
fathoms off the Samboes and off Sand Key, Florida, were covered with a thick 
brown deciduous skin. He later discovered that this supposed skin was a parasitic 
growth of a hydroid polyp. 
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Various hydroids of several different families occur frequently on the’ stems 
and cirri of the pentacrinites (pl. 52, fig. 1842), and’on the cirri of the comatulids. 
On the pentacrinites they often form tufts of very considerable size. 

Most of the species are merely of fortuitous occurrence, but some are commensal 
and one or two probably semiparasitic. 

There are the following specifie records. 


Family CAMPANULARIID.... f 
CALYCELLA SYRINGA LINN-EUS. 


This species was found by Mortensen on the cirri of Hathrometra prolixa, from 
northeastern Greenland. 
STEGOPOMA FASTIGATUM ALDER. 


This form occurs on the cirri of Hathrometra proliaa. It was recorded by 
Mortensen from northeastern Greenland. 


CUSPIDELLA, SP. 


An undetermined species of Cuspidella was found by Mortensen on the cirri 
of Hathrometra prolixa, from northeastern Greenland. 


Family PERISIPHONIDA. 


LAFOBA FRUTICOSA (SARS). 


Lafoéa fruticosa was found on the cirri of Hathrometra prolixa from north- 
eastern Greenland by Mortensen. 


CORALS. 


P. H. Carpenter stated that corals may be attached to the columns of the 
stalked crinoids. Probably he referred to the white form of Polytrema miniaceum, 
which is quite coral-like in appearance. 

As would be expected, small colonies of hydrocorallines are sometimes found 
on the older portions of the columns and on the accompanying cirri in the penta- 
crinites, and, rarely, on the older cirri of the comatulids. 

It is rather curious that none of the Actiniaria or sea anemonies have as yet 
been found upon the crinoids, as certain genera, such as Stephanactis, Amphianthus, 
and Gephyra, occur very commonly on pennatulids and other arborescent marine 


organisms. 
PORIFERA. 


Small sponges of various kinds are often found attached to the older portions 
of the stems and to the cirri of the pentacrinites, and sometimes to the older cirri 
of the comatulids. There is no evidence that their occurrence is other than 


fortuitous. 
UNICELLULAR ORGANISMS. 


The unicellular organisms known to be commensal with, or parasitic upon or 
within, the echinoderms, are fairly numerous, but only two genera have as yet been 
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found associated with the crinoids. "The most complete account of these organisms 
is that published by Cuénot in 1891. 
The unicellular organisms associated with the eiinodend are the following: 


DINOFLAGELLATA. 
Suborder ADINIDA. 
Family PROROCENTRIDZ:. 


PROROCENTRUM MICANS (EHRENBERG), 

Perrier was the first to find a species of the genus Prorocentrum in the intes- 
tinal tract of Antedon bifida, the announcement of his discovery having been 
made in 1889. 

Cuénot states that when an Antedon is cut into serial sections there are found 
in some special diverticula of the intestine which never contan food particles a 
great quantity of these organisms heaped together and almost completely filling 
the cavities of the diverticula. They are truly parasitic, and are always found in 
these intestinal diverticula in all specimens examined. They attain a rather con- 
siderable size, being up to 80p in length, and a large number are always found 
in process of division. But their parasitism is only temporary, and little by little 
they escape from the body of the host. Some are always to be seen in the intestine 
itself among the food particles which have not undergone any alteration. 

This species has long been known as a free-living organism. 

It is recorded as a parasite from Antedon bifida taken off the Isle of Man, and 
at Roscoff, Concarneau, and other places on the French Atlantic coast. 

It is not known to occur in the Mediterranean species of Antedon, though 
Cuénot looked for it in A. mediterranea. 


PROROCENTRUM DENTATUM STEIN. 
PROROCENTRUM ROSTRATUM STEIN, 


These species were found by Stein in the intestines of salps, ascidians, and 
comatulids. 

Prorocentrum, sp. Cuénot. Found in the ambulacral grooves of Echinaster 
sepositus (Lamarck) from Roscoff and Banyuls. 


CILIATA. 
Order TRICHOSTOMATA. 
Suborder ASPIROTRICHA. 
Family URONEMID 2. 


Uronema echint (Maupas). Found, in the intestine of Paracentrotus lividus 
(Brandt) in the Mediterranean. 

Uronema digitiformis (Fabre-Domergue).. Found in the mucous on the skin 
of Marthasterias glacialis (O. F. Miiller). 
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Hemispeira asteriasi Fabre-Domergue.. Found on the gills of Marthasterias 
glacialis (O. F. Miiller). 


Suborder, SPIROTRICHA. 


Section PERITRICHA., 
Family LICHNOPHORIDA. 


Lichnophora auerbachii (Cobn). - Found on Cladonema and on various worms 
(Psygnobranchus, Halosydna, Pterosyllis, Pionosyllis, Thysanozoon, etc.), mollusks 
(Doris, Folis, etc.) and other invertebrates, and occurring very frequently on 
echinoderms, in which class it has been recorded from the ambulacral grooves of 
Astropecten jonstoni (Delle Chiaje), the gills of Asterina gibbosa (Pennant), the 
body surface of Ophiothrix fragilis (Diiben and Koren), and the gills of holo- 
thurians. 

Family URCEOLARIIDA. 


Trichodina synapte Cuénot. Found in the celomic fluids of Synapta inherens 
(O. F. Miller), at Roscoff. 


HEMISPEIROPSIS ANTEDONIS (CUENOT) . 


In 1886 Perrier mentioned and figured five specimens of a curious peritrichous 
infusorian which he had found on Antedon bifida at Roscoff. This was described 
in 1891 by Cuénot under the name of Z7ichodina antedonis, and again independ- 
ently by Konig in 1894 under the name of Hemispeiropsis comatule. 

These infusorians occur on the lower (dorsal) surface of the hosts, between 
the cirri. They crawl over the integument by means of the lower ciliated crown, 
and they can also detach themselves entirely, swimming about by means of their 
large peristomial cilia. 

Hemispetropsis antedonis occurs on Antedon bifida at Roscoff and at St. 
Waast-la-Hougue, and on Antedon mediterranea in the Mediterranean. __ 

Cyclocheta asterisci. (Grube). Found on the gills of Asterina gibbosa (Pen- 
nant) at Genoa. 

Cyclocheta ophiothricis (Fabre- Domergue). Found on Ophiothriz fragilis 
(Diiben and Koren) at Concarneau. 

Urceolaria ophiocome Giard. Found on Amphiura squamata (Delle Chiaje) 
at Wimereaux. 


Family VORTICELLIDA, 


Vorticella amphiure Cuénot... Found on, Amphiura squamata (Delle Chiaje) 
at Naples. 

Vorticella ophiocome Giard. Found on Amphiura squamata (Delle ciis}e) at 
Wimereux. Possibly the same as the preceding. 

Vorticella, sp. Fabre-Domergue. Found in the stomachie cavity of Ophia- 
cantha spherulata (Pennant) at Concarneau. Possibly V. amphiure: 
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Rhabdostyla, sp. Cuénot. Found on the skin and paxille of the aboral surface 
of Astropecten aurantiacus (Linneus) at Cette. 

Rhabdostyla arenaria Cuénot. Found on the skin of Synapta inherens (O. F. 
Miiller). 

Rhabdostyla, sp. Hamann. Found on the skin of a young Asterias rubens 
(Linneus) at Kiel. 

Cothurniopsis, sp. Cuénot. Found in the ambulacral grooves of Astropecten 
aurantiacus (Linneus) at Banyuls-sur-Mer. 


SPOROZOA. 
Order GREGARINIDA. 


Suborder MONOCYSTIDEA. 


Syncystis synapte (Lankester). Found in the celome of Synapta inherens 
at Margate and Roscoff. 

Syncystis miilleri (Giard). Found in the celome of Synapta digitata (Mon- 
tagu) at Trieste. ' 

Syncystis holothurie (Schneider). Found in the celome, intestines, and 
cavities of the arborescent organs in Holothuria tubulosa Gmelin at Nice and 
Naples. 

Lithocystis schneideri Giard. Found in the celomic cavity of E'chinocardium 
cordatum (Pennant), EF. flavescens (O. F. Miiller) and Spatangus purpureus O. F. 
Miiller from Wimereux, Dunkirk, Concarneau, le Poulignon, and Marseilles. 


FORAMINIFERA. 


Such of the foraminifera as normally attach themselves to foreign objects 
are occasionally to be found on the columns, and especially on the cirri, of the 
pentacrinites, and upon the cirri of the comatulids. 

Most of these are of purely fortuitous occurrence and do not merit special 
mention, but two genera, both belonging to the same family, though widely different 
in appearance, are very commonly associated with the crinoids. 


Family ROTALIIDA. 


TRUNCATULINA LOBATULA WALKER AND JACOB. 


P. H. Carpenter states that this species was abundant on the cirri of the 
comatulids which were obtained by the Dutch Arctic expedition in the Barents 
and Kara Seas, and Mortensen records it from the cirri of Hathrometra prolixa 
from northeastern Greenland. 

Allied species are very often seen upon the cirri and stems of the penta- 
crinites and upon the cirri of the comatulids from all parts of the world. 
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POLYTREMA MINIACEUM (LINN-EUS). 


P. H. Carpenter has recorded this species as common on the stems and cirri 
of the pentacrinites dredged by the Challenger near the Kei Islands in 140 fathoms 
and off the Meangis Islands in 500 fathoms. 

It was similarly abundant on the pentacrinites dredged by the Albatross 
in the Philippines, usually in the variety alba Carter, and is also found on the 
pentacrinites in the Caribbean Sea. 

It is unusual to find this form on the cirri of the comatulids, though it occurs 
sporadically (pl. 53, fig. 1346). 

The crinoids in association with which parasitic or commensal organisms have 
been recorded are the following: 

COMATELLA NIGRA. 

Myzostomum brachiatum. 

COMATELLA STELLIGERA. 

?Myzostomum echinus. Myzostomum plicatum. 

NEOCOMATELLA PULCHELLA. 
Myzostomum abundans. Myzostomum carinatum. 
Myzostomum inflator. 
CAPILLASTER SENTOSA. 
Ophiomaza cacaotica. Ophiomaza obscura. 
CAPILLASTER MULTIRADIATA. 
Sabinella capillastericola. Myzostomum lobatum. 


NEMASTER IOWENSIS. 
Myzostomum marginatum. 


NEMASTER RUBIGINOSA. 
Myzostomum testudo. 


NEMASTER DISCOIDBA. 
Myzostomum marginatum. 


COMATULA ROTALARIA,. 


Anilocra, sp. ?Myzostomum horologium. 
COMATULA SOLARIS. 

Anilocra, sp. Myzostomum pallidum. 

Ophiophthirius actinometre. ?Myzostomum dentatum. 

?Myzostomum holorogium. ?Myzostomum ambiquum. 

Myzostomum costatum. Myzostomum carinatum. 


COMATULA PURPUREA. 
Synalpheus brucei. Ophiomaza cacaotica. 
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COMACTINIA ECHINOPTERA. 


Myzostomum areolatum. Myzostomum rotundum. 
Myzostomum vastum. ?Myzostomum oblongum. 
Myzostomum irregulare. Myzostomum evermanni. 


Myzostomum cysticolum. 


COMACTINIA MERIDIONALIS. 


Myzostomum areolatum. Myzostomum elegans. 
Myzostomum radiatum. Myzostomum bicaudatum. 
?Myzostomum crenatum. Myzostomum cysticolum. 


Myzostomum irregulare. 

ANNAMETRA OCCIDENTALIS. 
Melanella capensis. 

COMASTER NOV-EGUINEE. 
?Myzostomum echinus, 

COMANTHINA SCHLEGELII. 
Myzostomum platypus. 


COMANTHUS BENNETTI. 
?Myzostomum dentatum. ?Myzostomum ambiguum. 
PMyzostomum carinatum. 


COMANTHUS PINGUIS. 
Myzostomum antennatum. 


COMANTHUS JAPONICA. 
Myzostomum vastum. 


COMANTHUS ANNULATA. 


Synalpheus comatularum. Ophiocoma, sp. (young). 
Synalpheus brucei. Ophiactis delicata. 
Periclimenes commensalis. O phiomaza cacaotica. 
Pontoniopsis comanthi. Ophiomaza picta. 
Cirolana lineata. Ophiomaza obscura. 
Cyclotelson purpureum. Polynoé minuta oculata. 
COMANTHUS, SP. (PROBABLY C. ANNULATA). 
Periclimenes pottsi. Galathea inflata. 
Galathea elegans. Galathea minuta. 
COMANTHUS PARVICIRRA. 
Synalpeus, sp. Myzostomum triste. 
Internal worm. Myzostomum brevicirrum. 
Myzostomum echinus. Myzostomum nigrescens. 
Myzostomum costatum. Myzostomum longicirrum. 
Myzostomum litheni. Myzostomum elegans. 


Myzostomum pallidum. 
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ZYGOMETRA MICRODISCUS, 


Anilocra, sp. ?Myzostomum horologium. 
?Laphystiopsis, sp. Myzostomum intermedium. 
?Ophiomaza cacaotica. Myzostomum quadrifilum, 


?Polynoid worm. 


ZYGOMETRA ELEGANS. 


Myzostomum quadricaudatum. 


ZYGOMETRA COMATA. 
Myzostomum, sp. 


HETEROMETRA CRENULATA. 


Myzostomum dubium. Myzostomum filiferum. 
Myzostomum dentatum. Myzostomum quadrifilum. 


HETEROMETRA SAVIGNII. 
?Ophiactis, sp. Myzostomum costatum. Myzostomum crosslandi. 


HETEROMETRA REYNAUDII. 


Ophiomaza cacaotica. Sabinella, sp. 


AMPHIMETRA MOLLERI. 


Myzostomum, sp. Myzostomum, sp. 


STEPHANOMETRA SPICATA. 


?Myzostomum echinus. ?Myzostomum fissum. 
?Myzostomum elongatum. Myzostomum membranaceum. 


LAMPROMETRA PROTECTUS. 


?Myzostomum echinus. #Myzostomum elongatum. ?Myzostomum fissum. 


LAMPROMETRA PALMATA, 
Polynoid worm. Myzostomum. costatum. 


CYLLOMETRA MANCA. 


Myzostomum folium. 
COLOBOMETRA PERSPINOSA. 


Myzostomum. coriaceum. 
PROMETRA CHADWICKI. 


Myzostomum costatum. Myzostomum crosslandi. 


ANALCIDOMETRA ARMATA, 


Myzostomum cerriferoidum. 
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OLIGOMETRA OCCIDENTALIS. 

?Myzostomum mebianum. 
TROPIOMETRA CARINATA. 

?Myzostomum mebianum. 


TROPIOMETRA PICTA. 
Myzostomum gigas. 


SOUTHERN JAPANESE SPECIES OF CALOMETRIDZ. 


Myzostomum chelonium. Myzostomum cysticolum orientale. 
Myzostomum chelonoidium. Myzostomum smitha. 


HOREHOMETRA DUPLEX. 
Myzostomum murrayi. 
STYLOMETRA SPINIFERA. 
Scalpellum, sp. Myzostomum pictum. Myzostomum agassiziz. 


STENOMETRA DIADEMA, 
Melanella, sp. 


STIREMETRA BREVIRADIA. 
Myzostomum murrayi. 
PACHYLOMETRA IN-EQUALIS. 
?Myzostomum labiatum. ?M yzostomum fissum. 
?M yzostomum echinus. Myzostomum tenuispinum. 
Myzostomum willemoesi. 
PERISSOMETRA AUGUSTICALYX. 


Myzostomum tenuispinum. 
PERISSOMETRA FLEXILIS, 

Ophiomusium, sp. Myzostomum beardi. Myzostomum willemoesit. 
GLYPTOMETRA TUBEROSA. 

Myzostomum, sp. 
CRINOMETRA INSCULPTA. 


Myzostomum cerriferoidum. 


CRINOMETRA, SP. 
Melanella, sp. Myzostomum brevipes. 


CHARITOMETRA BASICURVA, 


Myzostomum tenuispinum. Muzostomum willemoesiz. 
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CHARITOMETRA INCISA. 
?Myzostomum echinus. Myzostomum tenuispinum. 
Myzostomum, sp. 
ANTEDON PETASUS. 


Myzostomum parasiticum. Myzostomum cirriferum. 


ANTEDON BIFIDA. 

Internal suctorial crustacean. Myzostomum parasiticum. 
Myzostomum cirriferum. Prorocentrum micans. 

Hemispeiropsis antedonis. 

ANTEDON MEDITERRANEA. 
E'nterognathus comatule. Myzostomum parasiticum. 
Stylina comatulicola. Myzostomum cirriferum. 

Hemispetropsis antedonis. 

ANTEDON ADRIATICA. 


Collocheres gracilicauda. Myzostomum cirriferum. 
Myzostomum parasiticum. Myzostomum bucchichii. 
DOROMETRA MAURITIANA. 


?Myzostomum moebianum. 


IRIDOMETRA MELPOMENE. 


Laphystiopsis iridometre. 


COCCOMETRA HAGENIT. 
Myzostomum agassizii. Myzostomum excisum. 
Myzostomum filicauda. 
NOTOCRKINUS VIRILLIS. 


Ovarian worm (?myzostome). 


LEPTOMETRA CELTICA. 


Myzostomum alatum. Myzostomum pulvinar. 


LEPTOMETRA PHALANGIUM. 
Myzostomum alatum., _Myzostomum pulvinar. 


ADELOMETRA ANGUSTIRADIA, 


Myzostomum inflator. Myzostomum murrayi. 


EUMORPHOMETRA HIRSUTA. 


Ophiolebes scorteus. 
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HELIOMETRA GLACIALIS. 
Encysted crustaceans in disk. du yzostomum gigas. 
Myzostomum fimbriatum. Lruncatulina lobatula. 
Loxosomella antedonis. 


ANTHOMETRA ADRIANT. 
Myzostomum antarcticum. idyzostomum cysticolum. 


FLOROMETRA SERRATISSIMA, 


Myzostomum deani. 
FLOROMETRA PERPLEXA. 


Myzostomum deani. Myzostomum. cysticolum cystihymenodes. 


HATHROMETRA PROLIXA. 


Egg capsules of gasteropod. Myzostomum carpenteri. 
Gemellaria loricata. Myzostomum cirriferum. 
Loxosomella antedonis. Calycella syringa. 
Myzostomum giganteum. Stegopoma fastigatum. 
Myzostomum graff. Cuspidella, sp. 

Lafoéa fruticosa. Truncatulina lobatula. 


THAUMATOMETRA TENUIS. 
?Myzostomum, sp. 

THAUMATOMETRA CYPRIS. 
Myzostomum cornutum. 


BATHYMETRA, SP. 


Stilifer (Mucronalia) bathymetre. 


“ ANTEDON IMPINNATA.” 


Myzostomum excisum. Myzostomum carinatum. 
METACRINUS. 

Scalpellum weltnerianum. Scalpellum album. 

Scalpellum balanoides. Verruca nitida. 

Scalpellum gonionotum. Pachylasma crinoidophilum. 


Ophiacantha, various species. 
METACRINUS ACUTUS. 
Ophiopholis mirabilis. 
METACRINUS ANGULATUS. 
Myzostomum wyvillethomsoni. 


METACRINUS CINGULATUS. 
Verruca, sp. 
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METACRINUS COSTATUS. 


Myzostomum wyvillethomsoni. 


METACRINUS INTERRUPTUS. 
Scalpellum, sp. Avicula, sp. 
Verruca, sp. Myzostomum cryptopodium. 
METACRINUS MOSELEYI. 


Myzostomum eremita. 


METACRINUS MURRAYI. 
Scalpellum album. Scalpellum balanoides. 


METACRINUS NOBILIS. 
Verruca, sp. 


METACRINUS ROTUNDUS. 


Myzostomum antennatum. Myzostomum metacrint. 
Myzostomum cirripedium. Myzostomum wheeleri. 
Myzostomum clarki. 


METACRINUS TUBEROSUS. 
Ophiuran pluteus. 


METACRINUS VARIANS. 
Larval cirripede. 


METACRINUS ZONATUS. 
Parasitic ostracod. 


ENDOXOCRINUS ALTERNICIRRUS. 


Myzostomum calycotyle. Myzostomum pentacrini. 
Myzostomum circinatum. Myzostomum belli. 
Myzostomum asymmetricum. Myzostomum deformator. 


HYPALOCRINUS NARESIANUS., 


Myzostomum circinatum. 


ISOCRINUS ASTERIA. 
Asteroporpa annulata. 


ISOCRINUS DECORUS. 


Scalpellum diceratum. Astrogomphus vallatus. 
Scalpellum pentacrinarum. Sigsbeia murrhina. 
Myzostomum vincentinum. 
ILYCRINUS AUSTRALIS. 
Myzostomum compressum. Myzostomum coronatum. 
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BYTHOCRINUS. SP. 
Stilifer, sp. Parasitic hydroid. 
RHIZOCRINUS LOFOTENSIS. 
#Stilifer, sp. Rhabdopleura mirabilis. 
RHIZOCRINUS VERRILLI. 
Melanelia, sp. 


PTILOCRINUS PINNATUS. 


Sabinella ptilocrinicola. 


HYOCRINUS BETHELLIANUS. 
Stelechopus hyocrini. 
COMMENSALISM OF THE CRINOIDS. 


A number of small comatulids and the young of certain others may be con- 
sidered as truly commensal, living as they do in the cavities of large sponges and 
gathering the minute organisms brought to them by the currents flowing into the 
afferent openings of the host. 

Many others habitually cling to gorgonians or withdraw into crevices in corals, 
where they live symbiotically, but quite independently of the supporting organism. 


AVOIDANCE OF CRINOIDS BY FISHES. 


Dr. H. L. Clark states that at Maér Island, Torres Strait, fishes of many species 
were abundant in the water just outside the reef, and their movements were easily 
noted. Any object dropped in the water at once attracted their attention and 
if edible was nibbled at or seized outright. 

Comatulids were always noticed, but were never touched either in the water 
or at the bottom. Fishes, often of large size, always swam toward them, but when 
within a few inches turned and swam away. 

Doctor Clark says that either by sight or some other sense, perhaps stimulated 
by some exhalation from the comatulids, these animals were recognized as inedible. 

Judging from the statements of Reichensperger the crinoids are probably 
protected by the secretion from the glands at the base of the tentacles. 


DEPENDENCE OF COMATULIDS UPON PURE, WELL-AERATED WATER. 


Dr. W. B. Carpenter says that there is one point in the habits of Antedon 
bifida which must be regarded as of considerable importance in the determination 
of the office of that vast aggregate of tubular tentacula which is borne by the pin- 
nulated arms, namely its close dependence for the maintenance of its life upon 
pure, well-aerated water. 
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When kept with other animals in an aquarium Antedons are among the 
first to die, and although Carpenter was at first inclined to attribute this to the 
circumstance of their habitually living under a much greater pressure of water 
than the littoral animals with which they are associated in such artificial collec- 
tions, yet he soon came to be satisfied that the real explanation was to be found 
in their inability to sustain any deficiency in the purity of the medium they 
inhabit. For by placing them by themselves in small numbers in an adequate 
supply of water, and by frequently renewing this, he succeeded in keeping the 
same specimens for several weeks together, and the deficiency in vigor which 
they showed at the end of that time, manifested in a general flaccidity of the 
arms and in a disposition to cast off portions of them, appeared quite explicable 
by the insufficiency of their food supply, made evident by the progressive shrinking 
of the visceral mass, the ventral surface of which came at last to be concave 
instead of protuberant. 

Moreover, it happened on several occasions that if a dozen specimens of 
Antedon were thrown at night into a large basin of water and were left without 
any means of attachment they were all found dead in the morning, conglomerated 
at the bottom of the basin, clinging to each other with their dorsal cirri and having 
their arms intertwined in such a manner as to suggest the idea that they had died 
of the asphyxia produced by overcrowding after exhausting themselves in efforts 
to find a suitable attachment; while if, in a basin of the same size and containing 
the same quantity of water, there were placed with a like assemblage of specimens 
a sufficient number of rough stones to afford them all a basis of attachment, they 
would be all found in the morning in a state of full expansion, with every appear- 
ance of health and vigor. 

Regarding the comatulids at Maér Island, Torres Strait, Dr. H. L. Clark says 
that if a number of specimens were left in a basin, even with a relatively large 
amount of sea water, they gradually became inactive and after a time perfectly 
still, and made no response to mechanical stimuli. That they were not dead was 
indicated by response to chemical stimuli (alcohol and formalin). But if left 
undisturbed the arms began to break to pieces distally, the process continuing 
centripetally until only the basal parts of the arms were left attached to the disk. 
Even then response to stimuli could be induced if the specimens were placed in 
perfectly fresh sea water. If, however, they were left undisturbed, fragmentation 
continued until even the basal parts of the arms were completely disintegrated. 

There is great individual difference as to the time when amputation of the 
disk from the calyx takes place. It was very common to have this happen as the 
first step in disintegration, but in some individuals it was one of the last. Not 
rarely comatulids shed their disk when first taken from the sea and placed in the 
pail, but such specimens lived in the live car as well, apparently, as those in which 
the disk and digestive system were intact. 

Doctor Carpenter remarked that the intermixture of a small proportion either 
of fresh water or of glycerine with the sea water in which Antedon bifida is living 
is very speedily fatal. 
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RESPONSES TO CIIANGES IN SALINITY. 


Experimenting with the common comatulids at Maér Island, Torres Strait, 
Dr. H. L. Clark was unable to obtain any response to the addition of rain water 
to the sea water in the aquaria, even when the rain water was poured directly upon 
the disk of the crinoid. 

The transfer of a comatulid from sea water directly to rain water met with 
marked response and violent movements, but as long as the water in the tank was 
predominantly salt there was no visible response to the addition of rain water. 

Increase in the amount of the salt content seemed to be a matter of equal 
indifference. 

Regarding 7'ropiometra picta at Buccoo Bay, Tobago, Doctor Clark says that 
experiments to determine whether 7'opiometra is sensitive to changes in the salinity 
of the water in which it lives gave very interesting results. 

Two individuals were placed in an aquarium containing 5 liters of ordinary 
sea water, and two specimens of similar size and appearance were placed in another 
aquarium containing 5 liters of 90 per cent sea water (that is, 4.5 liters of sea 
water with 500 cc. of rain water added). 

After 12 hours all were normal, and one could not tell from the responses to 
mechanical stimuli which were in the diluted sea water. 

Similar experiments were tried with water only 80 per cent and 75 per cent 
sea water. 

Such water extracted color from the comatulids and after 12 hours was dis- 
tinctly yellow, yet the animals survived and responded to the transfer to normal 
sea water by distinct arm movements. 

Experiments were then made to see how concentrated a sea water could be 
survived. 

Two specimens, one dark colored and one yellow and purple, survived, with no 
apparent injury, 12 hours in only 2 liters of water 10 per cent more saline than nor- 
mal. The brightly colored one was more active after the experiment than the other, 
which was not what he had expected in view of the greater evaporation in the 
natural habitat of the dark individual. 

A similar experiment with water 20 per cent more saline than normal was tried. 

A brightly colored individual was still alive after three hours; it was then 
transferred to normal sea water and lived overnight. 

A dark-colored specimen was still alive after four and a half hours, but 
although it was then transferred to normal sea water, it failed to revive. 


RESPONSE TO LIGHT. 


Perrier, speaking of Antedon bifida at Roscoff, noted that the animals, while 
accommodating themselves perfectly to daylight, do not like the direct rays of the 
sun. When these become strong they roll up their arms, and if the exposure is 
too prolonged, or if it is repeated too often, the arms are detached one by one and 
fall to the bottom of the basin, and the animal soon dies. 
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At Banyuls-sur-Mer Bohn found that the examples of Antedon mediterranea 
in the tanks of the aquarium were only very slightly sensitive to light, in this 
respect acting much like the ophiurans which inhabit sandy bottoms. 

Dr. H. L. Clark says that almost the first fact noted with reference to the 
habits of the comatulids at Maér was that they showed an evident tendency to 
withdraw from brightly illuminated areas. On overturning a rock fragment on 
the lower surface of which crinoids were living they at once began to move. Some- 
times they withdrew into dark holes or crannies in the rock, but generally the 
movement was over the surface of the rock to its. margin and thence down into the 
shade of its now lower side. The movement was never spasmodic or hurried, but 
unless interfered with was very steady and soon accomplished its purpose. 

He remarks that it is difficult to see how this invariable habit can be interpreted 
as anything else than a response to light as a stimulus. Since the rock might be 
3 feet under water, no change of temperature could possibly have caused the move- 
ment. It is conceivable, however, that the change of position due to the overturning 
of the rock was the effective stimulus. But the theory that change of position is 
the determining factor seems to be eliminated by the facts that among the living 
corals comatulids occur with the oral surface either up, down, or lateral, and that 
when the coral around them is broken away with a hammer, exposing them to strong 
light but not disturbing their position, their movements are also away from the 
lighted area into the shadow. 

Experiments in the laboratory were not altogether satisfactory, so much indi- 
vidual difference was shown. As a rule, if a comatulid was placed in the middle 
of the tank, one end of which was covered over while the other end was in sunlight, 
movement to the shaded end almost always was the first result. Often, however, 
the animal did not remain there, but moved about restlessly, even to the brightly 
illuminated end. In such cases it is a fair inference that the absence of suitable 
surface for attachment was the cause of the restlessness. 

More consistent results followed when direct sunlight was allowed to fall on 
comatulids which had been in the shade. With scarcely an exception they moved 
out of the brightly lighted area. Experiments with artificial light were entirely 
negative, presumably because of the weakness of the stimulus,. nothing better than 
an ordinary kerosene lamp being available. 

No specific differences were noted with reference to light reactions, all the 
species watched giving the same results. 

Bright sunlight thrown abruptly on a comatulid lying in shadow often pro- 
duced immediate and sometimes more or less spasmodic closing of the arms over 
the oral surface of the disk, as though that part of the animal were most sensitive 
to the stimulus. In confirmation of the view that the disk is more sensitive to 
light than the arms is the fact that in their natural habitat the crinoids often 
extended their arms out into the light while the body itself was in heavy shadow. 
Indeed, all along the southwestern reef, on the brightest days, they were to be seen 
in such a position. 
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Regarding Tropiometra picta as he found it at Buccoo Bay, Tobago, Dr. H. L. 
Clark says that its remarkable habitat naturally suggested that in its reactions to 
light it would be positively phototactic. 

A tank 6 feet long, a foot wide, and 8 inches deep, having the bottom covered 
with broken coral and stones, was used for the experiments. It was placed near 
high-water mark on the beach, in the sun, and two boards, 5 or 6 inches wide, were 
laid across it, giving shaded areas. One end was made quite dark by covering with 
a broad piece of board and burying it in the sand. 

Numerous individuals of 7'ropiometra picta were tested in this tank on many 
different occasions and under diverse conditions of temperature. The results were 
surprisingly unsatisfactory. No individual showed any decided reaction to light, 
and none sought the darkness. In most cases, when the specimen was fresh from 
Buccoo Bay, if placed in a shaded area it remained there; if placed in the sun 
close to a shaded area it moved into the shade, but if the board were then removed 
it made no effort to move out of the sun: if placed in the sun some inches from 
the shade it remained quietly in the light. 

Generally the individuals were placed upside down in the tank, so that the 
process of righting might serve to initiate movement. But, although they righted 
themselves promptly, they rarely wandered more than a few inches thereafter. 
If placed in the tank right side up they were usually content to remain where put, 
regardless of whether it was in sun or shade. 

Experiments were made particularly to see whether the brightly colored speci- 
mens from under rocks reacted differently from the dark individuals from Buccoo 
Bay, but no constant differences could be detected. Brightly colored examples 
seemed to be a little less hardy and became sluggish and inert in the tank more 
quickly than the dark ones, but the difference was not striking. 

The final conclusion reached, as a result of all the experiments and obser- 
vations, was that Tropiometra picta at Tobago is slightly negatively phototactic 
but that other factors in the environment at Buccoo Bay neutralize this tendency 
almost or quite completely, while on Buccoo Reef it is for some reason strengthened. 

While the Albatross was anchored off Sulu a small specimen of Doromeéra 
nana, about half the adult size, was captured which had been attracted to and was 
swimming about a submerged electric light. 


RESPONSE TO HEAT. 


All of the information on this subject we owe to Dr. H. L. Clark, from whose 
accounts the following is taken: 

Observations at Maér Island, Torres Strait—As ice was not obtainable at 
Maér, and it was difficult to lower the temperature to any considerable degree, his 
only experiments with regard to the response of comatulids to temperature changes 
dealt with the effect of raised temperatures. 

An alcohol stove placed under one end of the tank made it possible to raise 
the water just over the flame several degrees without appreciably affecting the 
temperature of the other end for nearly an hour. 
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The sea water brought from the reef and with which the experiments began 
had a temperature of 26°.6 C. The area directly over the stove soon became about 
a degree warmer than this, while immediately above the flame it rose to 31°.7 C. 

Comatulids placed in the tank at the unheated end began at once to move 
toward the other end, the whole tank being uniformly illuminated. The passage 
into the slightly warmer water was not indicated in any way, but whenever the 
arms extended into the area above 30° a more or less prompt response and with- 
drawal followed. 

This was shown by all the species tested, but was most noticeable in adult 
Comatula purpurea, and consequently that species was chiefly used. If an indi- 
vidual were placed in the hot area it immediately moved out, but it did not seek 
the coolest part of the tank. 

At the end of an hour and a half the water in the tank was raised to a 
minimum of about 29°, and the comatulids were all at rest or moving very lan- 
guidly. It was interesting to note, however, that transfer from this warm water 
to the sea water at ordinary temperature (26°.6 C.) acted as an immediate stimulus, 
and locomotion was at once renewed. ‘The reverse was also true, comatulids from 
the normal sea water responding at once with active movements when dropped 
into the warm water. In the latter case, however, the movements very quickly 
ceased. 

Doctor Clark concludes from these observations that it is evident comatulids 
are sensitive to comparatively slight changes of temperature, and that for those 
living at Maér 26° to 27° C. is about the optimum. It is not probable that the 
sea water on the reefs at the Murray Islands ever gets far below that temperature, 
but it is often much higher, at least on the reef flat itself. It is therefore of great 
interest to find that at 29° these comatulids become inactive, and that they with- 
draw at once, if possible, from 31°. 

Evidently, then, a fairly uniform temperature is an essential factor in deter- 
mining their distribution, and this accounts for their absence from the greater 
part of the reef flat at Maér, for the water on some parts of this flat, if low tide 
is near midday, rises far above 31°. It seems probable, too, that the more uniform 
temperature and the absence at all times of high temperatures in the channel 
between Maér and Dauer are added reasons why the southwestern reef of Maér 
has such an abundant comatulid population. 

Observations at Tobago.—While it was not feasible to produce really low 
temperatures, water in the tank fell to 22° C. during the night. At this temper- 
ature 7'ropiometra picta showed no signs of discomfort or stimulation. When the 
water was gradually raised to 33° or 34° responses to mechanical stimuli were 
normal. At 35°.5 two of the four specimens tested were quite unresponsive, but 
the other two gave normal responses by arm movements. One continued to respond 
at 36°.5 but at 37°.5 was inert. After a few moments at that temperature the 
four specimens were placed in normal sea water at 28°, but none recovered. 

Individuals taken from water at 28° and placed in that at 33° continued to give 
responses with the arms. At 34°, however, the arms were quiescent, but the pin- 
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nules responded. Complete recovery of these specimens resulted when, after a 
few moments, they were again placed in water at 28°. 

Individuals placed in water at 36° gave no responses and failed to recover; they 
became quite rigid. 

Doctor Clark remarks that these experiments show that, as compared with the 
comatulids of Maér Island, 7ropiometra picta has a susprisingly large temperature 
range. This is quite in keeping with their habitat in Buccoo Bay, for while the 
water there probably never falls below 22° C., there is no doubt that at the lowest 
tides it rises in the shallows to 32°, and possibly to 34°. Even should it on rare 
occasions exceed this figure for a short time the animals would easily survive. 
Owing to the comatulids’ inertness it was impossible to determine the optimum 
temperature. 

In water of 33° reactions were not consistently different from what they were 
at 25°. Nevertheless, individuals in water at 33° assumed a somewhat wilted 
appearance after a time, which was not the case in water at 28° and lower. 

Healthy individuals gave no response to a sudden change of 2°, but there was 
generally an evident reaction to an abrupt change of 5°. 


RESPONSE TO CHEMICAL STIMULI. 


Dr. H. L. Clark found that the response of the comatulids he studied at Maér 
Island, Torres Strait, to a strong solution of magnesium sulphate was prompt 
and violent, so violent as to break off some or all of the arms, and no evidence of 
subsequent relaxation was found, 

Alcohol poured onto the disk of a crinoid in the tank brought about a very 
marked response, but the latent period was surprisingly long and the effect of the 
stimulus soon wore off. 

If comatulids were taken from sea water and dropped into alcohol or formalin 
the response was immediate, and consisted in the extreme flexion of the arms 
dorsally. Often this would be followed by strong oral or ventral flexion, bringing 
the arms up vertically over the mouth. This again would be followed by a general 
relaxation, and later by death and a hardening of the tissues. 

Specimens simply thrown into alcohol or formalin or placed in the fluid mouth 
down never died in a natural position, the arms being strongly contracted, usually 
entangled with each other and with the cirri dorsally, but sometimes closed together 
over the mouth. 

Doctor Clark says that owing to the fact that almost without exception the first 
response is flexion dorsally it is very easy to prepare perfectly expanded specimens. 

The animals are lifted from the sea water with the cirri down and plunged 
abruptly into strong alcohol in a shallow flat dish, care being taken to press the 
animal down at once to the bottom of the dish. The dorsal flexion causes the arms 
to lie out flat against the bottom of the dish. The following contraction of the 
ventral muscles is occasionally strong enough to bring the arms up over the disk 
and to get them badly entangled, but in the very great majority of cases it is so 
feeble and so quickly followed by relaxation that. a little manipulation of the arms, 
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smoothing them down with the fingers and pressing out the curves, results in per- 
fectly expanded specimens. 

Only in relatively few cases, and these were individuals which had been in the 
laboratory for some hours, was the muscular contraction great enough to break 
off the arm or even cause loss of cirri. These cases are probably to be explained 
by the susceptibility of these animals to nonaérated sea water—that is, presumably, 
to carbon dioxide (CO,). It was not possible to determine positively whether 
carbon dioxide was the deleterious substance or not, but there is good 
reason for that belief, because the comatulids were found only on those parts of the 
reef where the aeration of the sea water was very well provided for by the surf. 
Whether carbon dioxide was the factor directly responsible or not, it is 
beyond question that the comatulids brought to the laboratory were very susceptible 
to the impurity of the sea water after a few hours in the aquaria. 

Speaking of 7ropiometra picta as he found it at Buccoo Bay, Tobago, Doctor 
Clark says that indifference to the amount of carbon dioxide in the water 
was noticeable, particularly in view of the sensitiveness of the Torres Strait coma- 
tulids to that substance. 

Two specimens lived over night in only 2 liters of sea water apparently without 
discomfort, and four or five specimens were often kept over night in aquaria with 
not more than 6 or 7 liters. 

This species responded to a saturated solution of magnesium sulphate in sea 
water by a complete relaxation of the muscular system. The response was much 
less complete if the individual had been for some time in a limited amount of sea 
water; probably the presence of carbon dioxide made the difference. 

Response to alcohol and formalin was, as in the case of the Torres Straits 
comatulids, by flexion of the arms first dorsally and then ventrally. Only excep- 
tionally, and then by individuals which had been long in tank or aquaria, were 
the arms cast off. 

RESPONSE TO MECHANICAL STIMULI. 


Dr. W. B. Carpenter noted that in Antedon bifida if the pinnules other than 
the oral pinnules of any arm be irritated by the contact of a rod such irritation 
merely produces a languid wavy motion of the arm thus acted on, which may 
extend itself to others if the irritation be repeated or prolonged. But if the rod 
be made to irritate the long proximal pinnules all the arms, if the animal be in 
full vigor, immediately close together with an energy and consentaneousness that 
are seen in no other movement. 

Bohn, experimenting with Antedon mediterranea at Banyuls-sur-Mer, found 
that when either the disk or the cirri are touched, simultaneous movement of the 
five arms and their branches occurs. 

On every stimulation of the disk the arms are raised, forming a sort of dome 
above it. 

On every stimulation of the cirri the arms are lowered. 

Thus, as a general rule, there occurs flexion toward the pole touched. The 
intensity of the reaction is variable. The firmer the attachment of the animal the 
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stronger is the reaction. When the animal is not fixed, or when the attachment 
is precarious, the reaction is always feeble, and slow. Bohn believes that this has 
to do with variations of sensibility. The tactile sensations of the disk may be 
inhibited more or less by certain sensations of the cirri. 

It may happen that, the comatulid being attached by its cirri, certain arms 
rest upon a solid surface, while the others float freely in the water. In this case the 
latter react much more strongly when the disk is stimulated. 

Bohn often observed that a series of stimulations at short intervals on the 
same spot end by having quite a different effect than one or two stimulations on the 
same place. 

Repeated stimulation on the body or on the arms of a comatulid results in 
undulatory movements of all the arms, not synchronous, until finally the animal 
swims away. 

If a comatulid from which the two arms of the same ray, or two adjacent 
arms on neighboring rays, have been removed lies upon a smooth bottom, pro- 
gression usually takes place in the direction indicated by the missing arms. 

If the arms be numbered 1 and 1’, 2 and 2’, 3 and 3’, 4 and 4’, and 5 and 5’, 
according to the movement of the hands of the clock, and arm 1 be stimulated, 
the animal generally tends to move in the direction 3’; but if arms 4 and 4’ rest 
on a rough surface progression may be in the direction 44’; if 4’ and 5 rest on a 
rough surface progression may be in the direction 4’—5, or at least in a direction 
between 3’ and 5. The importance the condition of the surface has in determining 
the direction of progress is evident. 

Speaking of the comatulids which he found at Maér Island, Torres Strait, 
Dr. H. L. Clark says that mechanical stimuli met with ordinary response under 
normal conditions. The disk and the pinnules at the bases of the arms seem to be 
more sensitive to touch than either the middle or terminal part of the arms. The 
cirri and the whole aboral surface are slow to respond to mechanical stimulation. 
The response to touching the disk is a closing of the arms over it, and the response 
to touching the oral surface of an arm is the gradual infolding of that arm. 

Mechanical stimulation alone, even a severe pinch of an anterior arm with 
forceps, seldom caused any change in the direction of locomotion. 

The net result of all Doctor Clark’s observations was the impression that 
comatulids are surprisingly callous to mechanical stimuli, and the response is never 
sudden or hurried. 

GEOTROPISM. 

Bohn has found that on an inclined bottom Antedon mediterranea when 
stimulated tends to move along the line of greatest declivity in the direction 
opposite to that of the pull of gravity. 

EFFECT OF THE RAIN OF CINDERS IN THE BAY OF NAPLBES IN APRIL, 1906. 

Antedon mediterranea, which in the Bay of Naples is abundant on the bottoms 
of detritus and in the patches of Posidonia—so abundant, indeed, that thousands 
ordinarily could be captured with the dredge—almost completely disappeared 
as a result of the eruption of Vesuvius in April, 1906. 
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On the 20th of that month Lo Bianco, dredging off Posilipo at a depth of 
about 80 meters, took only three specimens, all severely mutilated and dying with 
the arms almost devoid of pinnules. On the reef at Gajola also Lo Bianco was 
only able to find a very few specimens. 

Lo Bianco states that he can not explain satisfactorily the manner in which 
the cinders caused the death of these crinoids. He suggests that the animals, 
gradually becoming covered by the falling cinders, at last found themselves in 
an unfavorable environment, and that weakness caused by hunger, combined with 
the general disturbance caused by the stratum of cinders, induced autotomy, which, 
becoming more and more extensive, resulted finally in death. 

He was led to this conclusion from having observed that this species, which 
lives very well in the tanks of the aquarium during the cold season, perishes 
through gradual progressive fragmentation when the temperature of the water 
becomes lower or higher than normal. 

Antedon mediterranea showed the effect of the rain of cinders at least a week 
later than the echinoids. 

Specimens of Leptometra phalangium dredged on the 7th of May at a depth 
of about 400 meters, between Capri and Ischia, were in the very best condition; 
but the cinders which fell here were very few. 


EXPERIMENTAL INVESTIGATION OF THE DORSAL NERVOUS SYSTEM. 


In order to convince himself of the nervous nature of the axial cords of the 
arms and to ascertain the intercorrelation between the nerves of the different arms 
Dr. W. B. Carpenter carried out a number of experiments, using as his subject 
Antedon bifida. 

Experiment 1—Taking a large and vigorous specimen he turned the entire 
visceral mass out of the calyx. 

On being replaced in water it executed the usual swimming movements as 
perfectly as the entire animal would have previously done. 

Experiment 2—¥From a second specimen, which he took out of the water in 
the act of swimming, he removed the entire centrodorsal with its contents and 
appendages, leaving every other part as it was. 

On replacing the animal in water all the arms were rigidly straightened 
out, apparently by the action of the dorsal elastic ligaments which the muscles 
were now powerless to antagonize. 

Experiment 3—In another lively specimen he divided the soft parts of one 
of the arms down to the calcareous segment. 

On replacing the animal in water all the arms worked as usual, without the 
slightest disturbance of regularity. 

Experiment 4.—He severed the dorsal nerve cord in one arm by the use of 
nitric acid. 

On replacing the animal in water that arm remained rigidly straightened out, 
while all the other arms worked as usual. 

Experiment 5—The entire visceral mass was removed from a specimen in 
such a way as to leave nothing but the calyx with the central capsule and its 
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prolongations, and the arms. A needle was then passed down the canal included 
in the radials so as to irritate the chambered organ. 

All the 10 arms then suddenly and consentanecusly closed up. On the with- 
drawal of the needle the arms gradually straightened themselves again, and again 
coiled up as before when the irritation of the central organ was renewed. 

Dr. Carl F. Jickeli, working with Antedon adriatica at Trieste, performed 
some experiments along the same lines as those of Doctor Carpenter. These were 
as follows: ij 

Experiment 1—Ilf a freshly amputated arm, or an amputated arm even which 
has lain a few days in sea water, be scratched with a needle on the ambulacral 
groove, or its ambulacral groove be subjected to electrical stimulation, no raising 
of the pinnules can be detected. But as soon as the cavity in the brachial contain- 
ing the dorsal cord is touched the arm coils up conyulsively and the pinnules are 
set in active motion, even when previously no signs of life could be detected 
in the arm. 

Experiment 2.—lf the ambulacral groove be scraped away, or burned away 
with caustic, reaction can always be obtained to the touch of a needle in the 
central canal. But if the central canal be burned out with caustic the arm is 
stretched out stiffly and all further stimulus is in vain. 

Experiment 3.—If a detached cirrus be pricked in the central canal, or if the 
central canal be stimulated with an electric current, the cirrus is violently bent and 
a state of tetanus sets in. 

Experiment 4—If an animal be deprived of the visceral mass and put back 
into the water, ventral side up, all the arms are rigidly stretched out. If, now, a 
needle is thrust into the centrodorsal from the ventral side all the arms bend 
together synchronously, and again sink back into their original position. If a few 
drops of acid are added to the water the animal immediately begins to swim about 
with great activity. the movements agreeing entirely with those of uninjured 
animals. 

Prof. A. Milnes Marshall, in confirmation and amplification of Carpenter’s 
results, performed a number of experiments, his subject being Antedon mediter- 
ranea, which he studied at Naples. 

Experiment 1—A large and vigorous specimen was eviscerated without re- 
moval from the water. On being released it remained quiescent for about a minute, 
and then swam about the tank actively and in a perfectly normal manner. After 
a short time it came to rest on the bottom in a perfectly normal position. Half 
an hour later, without the slightest disturbance or irritation of any kind, it began 
spontaneously to swim again, actively and normally. Coming in contact with a 
piece of stick, it attached itself to it by the dorsal cirri, and remained there for 
more than a week. 

Experiment 2—An active specimen was eviscerated and allowed to come to 
rest. The ventral surface of one of the arms was then irritated gently with a needle. 
Active movements both of the irritated arm and of the others resulted. The same 
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offect followed irritation of one of the ordinary pinnules, while irritation of the 
oral pinnules caused immediate and strong flexion of all the arms. 

Experiment 3.—An active specimen was eviscerated and allowed to come to 
rest in the normal position. It was then inverted and placed mouth downward 
on the bottom of the tank. After a short rest it righted itself in the normal man- 
ner, but rather more slowly than usual, the interval between inversion and the 
completion of the righting being about two and a half minutes. 

This experiment was repeated many times with different specimens. Some 
righted themselves instantaneously, others took a longer or shorter time, but the 
general average of the times taken by eviscerated specimens to right themselves 
was about half a minute longer than that of uninjured ones. 

Experiment 4.—A specimen was eviscerated and allowed to come to rest. A 
needle was then passed from the oral surface down the canal within the radials 
so as to irritate the central capsule. The result was immediate flexion of the arms, 
and in many cases active swimming movements of the whole animal. 

Experiment 5—A specimen was eviscerated and then cut into two parts, one 
having two pairs of arms and the other three. The central capsule, which was 
divided and freely exposed by the operation, was then irritated by a needle. The 
slightest irritation caused very active and violent flexion of the arms. 

Experiment 6.—An active uninjured specimen was held under water and the 
dorsal half of the centrodorsal plate removed by a single snip with a large pair 
of scissors, so as to expose and partly remove the central capsule. On being 
released the animal fell to the bottom with the arms very strongly extended, but 
in about 20 minutes gradually righted itself and assumed the normal position. 
The exposed central capsule was then irritated, first with a needle and then with 
strong nitric acid applied by a small brush. The effect of irritation was to cause 
very strong and spasmodic flexion of the arms, which in the first case ceased on 
removal of the stimulus, but in the case of the acid persisted for several hours. 

EHwperiment 7.—The centrodorsal of an active specimen was removed with 
scissors and the central capsule carefully scooped out with a small scalpel. The 
animal on being released fell to the bottom of the water, where it lay on its side 
with the arms very strongly extended, remaining in this position for several hours 
without any attempt to move. If taken from the water and thrown in again the 
arms moved fairly actively, but there was no attempt at swimming, each arm 
apparently acting quite independently of the rest. Finally, if placed on its oral 
surface, it remained there for an indefinite time without making the slightest 
attempt to right itself. 

Experiment 8—The preceding experiment was repeated on an eviscerated 
specimen, the results being in all respects the same. 

To obtain definite results in these experiments it is necessary to remove com- 
pletely the central capsule, and this Marshall found could not be effected by simply 
cutting away the centrodorsal plate; in addition, the capsule must be either scraped 
out with a fine scalpel or else destroyed by free painting with strong acid. 

Specimens in which the centrodorsal plate has been simply snipped off, though 
they lose temporarily the power both of swimming and of righting themselves, 
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yet regain these more or less completely after an interval of half an hour to an 
hour. If, however, sufficient care has been taken to destroy entirely the central 
capsule, the loss of power is absolute and permanent. 

Experiment 9—The centrodorsal plate of an active specimen was removed 
and the central capsule entirely destroyed; the cavity was also very freely painted 
with nitric acid, so as to expose and destroy the pentagonal commissure connecting 
the axial cords at their roots. After being left at rest for an hour the arms were 
irritated one by one. Each arm responded readily and extensively to the stimu- 
lation, but the movement was limited to the arm directly irritated, none of the 
other arms sharing in it, except sometimes the other arm of the pair to which the 
irritated arm belonged. 

Experiment 10.—Various parts of the surface, both of the disk and of the 
arms, of active uninjured specimens were irritated, both mechanically and chem- 
ically, in order to determine the normal distribution of sensation. All parts of 
the surface were found to be sensitive, but in very unequal degrees. Irritation of 
the dorsal surface of the calyx caused only slight movements of the arms, unless 
the irritation were severe or prolonged. 

Irritation of the dorsal or lateral surfaces of the arms, where the layer of 
integument is very thin, caused flexion of the arms, with extension of pinnules 
close to the irritated spot. The response was usually ready, but the movement 
only slight. Prolonged or more violent irritation caused exaggeration of the 
movement, together with approximation of the adjacent arms toward the irritated 
arm, as though to remove the source of irritation, and in some cases active move- 
ment of the whole animal in a direction away from the irritated arm. Irritation 
of a pinnule causes, according to the degree and duration of the stimulation, 
movement of the pinnule, movement of the whole arm, approximation of the 
adjacent arms to the affected one, or active movement of the whole animal away 
from the source of irritation. Irritation of the oral pinnules causes, as already 
noticed, immediate and very active flexion of all the arms, so as to close in over 
the disk. 

The epithelium of the ambulacral grooves is extremely sensitive, and the 
results of the stimulation are very definite. The slightest irritation causes instan- 
taneous movement of the four or five pairs of pinnules immediately adjacent to 
the irritated spot, the pinnules being folded alongside the ambulacral groove so 
as to close it in and grasp the needle or other source of irritation. If the stimu- 
lation be continued the arm is actively flexed and the adjacent arms applied 
to it and rubbed along the affected part, as though to remove the source of 
irritation. Finally, irritation of the ventral surface of the disk between the 
ambulacral grooves causes movements of the arms, but not nearly so active as 
when the oral pinnules are touched. 

Experiment 11—An active specimen was eviscerated and left for half an 
hour. The calyx, arms, and pinnules were then successively stimulated, as in 
the preceding experiment. The results were exactly the same. 

Experiment 12.—An active specimen was taken and all the soft parts scraped 
away with a knife from the ventral surface of one of the arms, the scraped 
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portion being about a quarter of an inch in length and 1 inch from the disk. 
The pinnules were immediately folded closely alongside the wound, and the 
animal on being released swam actively away from the injured arm. It soon 
came to rest in the normal position, and about 6 minutes after the operation the 
distal end of the injured arm was nipped with the forceps. The distal part 
of the arm, beyond the injury, was at once flexed actively, the proximal part 
less actively, and the other arms did not move. After a 20 minutes’ interval 
the distal end of the injured arm was again nipped, when active movement of 
all the arms at once resulted, the animal moving rapidly away from the source 
of irritation. 

Experiment 13—A large and vigorous specimen was taken and a quarter of 
an inch of one of the arms, about an inch from the base, thoroughly scraped with 
a scalpel all around so as to remove the soft parts as completely as possible. 
The pinnules of the affected part and for a quarter of an inch on either side of 
the wound were cut away to prevent any possibility of contact communication 
between the parts on either side of the injury. The injured part was then painted all 
around very freely with strong nitric acid, the operation being repeated until fully 
half the thickness of the calcareous segments had been dissolved away. The 
wound was then washed freely with sea water and the animal returned to the 
tank. It fell at once to the bottom on its side with the injured arm and the 
other arm of the same pair stretched out horizontally, and the other arms rather 
strongly extended. After a few minutes it began to move slowly, and in 6 minutes 
had completely resumed the normal position. After half an hour’s interval the 
distal end of the injured arm was sharply nipped with forceps, when strong 
active movements of all the arms at once resulted, the animal moving rapidly 
away from the source of irritation. 

Experiment 14.—An active specimen was removed from the water, the dorsal 
surface of one of the arms carefully dried, and strong nitric acid applied with 
a fine brush to the dorsal surface of the fourth and fifth brachials, which were 
dissolved away until the axial cord was exposed and destroyed. If the arm were 
held during the operation it was usually thrown off, but if the disk only were held 
and the arm allowed merely to rest on the fingers the operation was always 
successful. The animal was then returned to the water, where it assumed almost 
at once the normal position. After half an hour’s rest the distal end of the 
injured arm was nipped sharply with forceps; active movements of the irritated 
arm beyond the injury ensued, but no movement whatever of either the proximal 
part of the injured arm or of any of the other arms. 

When in this experiment the ambulacral epithelium is left absolutely unin- 
jured it responds to stimulation in a perfectly normal manner. 

Experiment 15.—One of the arms of an active specimen was cut across at 
about its middle and the animal held in the tank so that the stump of the ampu- 
tated arm was just above the surface of the water. The stump was carefully 
dried and the axial cord touched with a fine needle or with a finely pointed brush 
charged with nitric acid. Very violent movements of all the arms at once resulted. 
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Similar stimulation of the ambulacral epithelium or of other parts of the section 
produced only very slight and local movements. 

Heperiment 16.—As in experiment 12 the soft parts were scraped away from 
the ventral surface of about a quarter of an inch of one of the arms an inch 
from the base. On being returned to the water the animal swam actively, all 
the arms moving vigorously and normally, including the injured one, which, 
however, was rather less active than the others, and a little stiff at the scraped 
part, probably from direct injury to the muscles. 

Experiment 17—The operation was the same as in experiment 14, the dorsal 
half of one of the arms about an inch from the disk being dissolved away by 
nitric acid until the axial cord was exposed and divided. The animal was then 
returned to the water, where it remained quiescent for a few seconds and then 
commenced to swim actively and spontaneously, all the arms moving perfectly 
normally except the injured one, the proximal end of which moved slightly while 
the distal part beyond the injury was perfectly motionless and flexed spirally 
into a coil. After a short time the animal came to rest in a perfectly normal 
position, but for the spiral coiling of the distal part of the injured arm, which 
persisted. After a quarter of an hour’s rest one of the uninjured arms was irri- 
tated, causing at once active movements of the uninjured arms and of the proximal 
part of the injured arm, but none whatever of its distal part. 

Experiment 18—In a fresh specimen two injuries, similar to that in experi- 
ment 17, were made in one of the arms at spots about an inch and a half apart. 
Stimulation of the arm itself, or of the pinnules, between the two wounds caused 
movements of the middle portion of the arm but none whatever of the proximal 
or distal portions. 

Experiment 19.—One of the arms of a vigorous specimen was amputated by 
a snip of the scissors. The detached arm exhibited extremely active movements 
for about a quarter of an hour, coiling and uncoiling with great force and rapidity. 
After a time it became quiescent. It was then held in the tank with the proximal 
end just out of water. The end was carefully dried and the exposed section of the 
axial cord touched with a needle and a fine brush charged with nitric acid. The 
slightest irritation, whether mechanical or chemical, caused violent and repeated 
flexion of the arm. Stimulation applied to other parts of the cut end produced 
but very little effect. 

Experiment 20.—A specimen was eviscerated and a needle passed down from 
the oral surface into the chambered organ and worked about so as to destroy as 
completely as possible the central capsule and chambered organ. The animal 
was then returned to the water and left at rest for half an hour. One of the 
arms was then suddenly nipped with forceps, when all the arms exhibited active 
movement, though the animal did not attempt to swim. 

Experiment 21—The same specimen was taken and the inside of the canal 
lying within the radials was freely painted with nitric acid until the pentagonal 
commissure was exposed and destroyed. The animal was then returned to the 
water and left for half an hour on its oral face, where it remained without any 
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attempt to right itself or to swim. The arms were then strongly nipped with 
forceps one by one. Each arm when irritated responded by active movements, but 
none of the other arms stirred except the other arm of the pair to which the irri- 
tated arm belonged, which moved sometimes slightly, sometimes actively. 

Experiment 22.—A pair of arms was cut off a specimen, the section passing 
between the radial and the IBr,. After half an hour’s interval one of the arms 
was stimulated, when both arms moved actively. 

Experiment 23——Another specimen was eviscerated and a pair of arms 
removed, the section passing between the elements of the IBr series. AI] the soft 
parts were scraped from the basal portions of the arms, the basal pinnules were 
cut off, and the axillaries and proximal brachials freely scraped and painted with 
nitric acid, so that the sole connection between the two arms was through the 
substance of the axillary. After half an hour one of the arms was sharply nipped; 
the irritated arm moved freely, and the other arm slightly, but distinctly. The 
experiment was repeated with a second specimen, and an interval of three hours 
allowed between the operation and stimulation of the arm. Jn this case active and 
extensive movements of both arms followed on irritation of either one. 

The preceding experiments show that (a) the central capsule and its profonga- 
tions, the axial cords and their braches, constitute the main nervous system of 
Antedon,; (b) the central capsule is especially connected with the complex coérdi- 
nated movements of swimming and of righting when inverted; (c) the axial cords 
act as both afferent and efferent nerves; (d) the subepithelial bands are also 
nerves, but their exact function is a special and subordinate one in connection with 
the ambulacral tentacles and epithelium; (e) evisceration apparently causes but 
little inconvenience to the animal, and the visceral mass is regenerated completely 
in a few weeks’ time. 


COLOR OF CRINOIDS. 


Of all the animals in the sea there are none that exceed in beauty of coloration 
the shallow-water crinoids. Flowerlike in form and almost flowerlike in the 
fixity of their habit, they are also flowerlike in the variety and distribution of 
their pigments. But with depth the diversity of hue diminishes, so that we find 
the color range of the deeper water species relatively restricted, while the indi- 
viduals themselves, losing the almost universal spottings and bandings of the 
littoral types, become comparatively plain. 

Though crinoids resemble flowers in the diversity and brilliance of their colors, 
their color types are quite the reverse of flower-like. In a particolored flower the 
center or eye is more or less abruptly lighter or darker than the remaining por- 
tions, or the petals are longitudinally striped; cross banding of the petals is very 
rare. Among the crinoids particolored species are usually cross banded, regularly 
or irregularly, and though the pinnule tips may be of a different color from their 
bases, a true longitudinal striping of the arms is very rare, and a conspicuous eye 
is never developed. 
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The coloration of specimens of the following species has been recorded: 

[After the completion of this section Dr. H. L. Clark turned over to me a 
great number of color notes, mostly based upon specimens collected at Port Galera, 
Mindoro, Philippine Islands, by Dr. L. E. Griffin, in April, May, and June, 1912. 
These are given between brackets in the following pages, but have not been used 
in preparing the general conclusions regarding color. | 


Family COMASTERIDA. 
Subfamily CAPILLASTERINAS. 


Comatella nigra.—(a) Bright red, the ventral perisome of the arms and pin- 
nules yellow. 

(6) Black. 

[(c) The proximal half of the arms, with the pinnules, deep blood red on both 
surfaces; distal half dark orange red; disk and centrodorsal deep blood red; cirri 
deep blood red with silver tips. | 

(d) Arms very dark wine red, covered with olive stippling; very long pin- 
nule tips and encircling rings on the pinnule bases light yellowish green; centro- 
dorsal orange yellow; cirri mostly light yellowish green, with occasional rings of 
very dark wine red, but with the tips yellowish green; disk deep wine red, with 
numerous spots of light yellowish green. 

(e) Ground color dark wine red, the whole body with fine dots of very light 
slightly greenish yellow; pinnules long-tipped dorsally and short-tipped ventrally 
with light greenish yellow, becoming less greenish toward the tips; centrodorsal 
with a spot of light greenish yellow in the center, and cirri with much of the same 
color dorsally. 

(7) Ground color of central portion, arms, and proximal two-thirds of the 
pinnules, a very dark wine red; pinnule tips orally light straw yellow, aborally 
spotted with the same color; centrodorsal straw yellow, with an interrupted line 
of dark wine red; cirri the same, with a slight washing of dark wine red; disk with 
numerous spots of light straw yellow with a slight greenish blue tinge; near the 
mouth are a few small papille basally light straw yellow with the tips deep 
wine red. 

(g) Very dark wine red, except for the silver tips of the cirri. 

(A) Entirely very dark wine color. 

(2) Arms and pinnules aborally blackish wine color with blotches of yellowish 
white on the arms and on the basal half of the pinnules; entire oral surface, centro- 
dorsal, and cirri blackish wine color, the last with glassy tips. 

(j) Central portion reddish brown, becoming darker toward the ends of 
the arms. 

(%) Dark brown, with numerous spots of very light straw yellow on the 
aboral surface of the arms, and the tips of the cirri silver. 

(Z) Rich dark chocolate brown. 
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(m) Ground color velvety brownish black; arms marked with pure white; 
under side of pinnules white. 

(x) Ground color black, covered with spots of yellowish green; a black line 
down the center of each arm. 

(0) Central portion black, the outer portions of the arms shading into dull 
yellowish green. 

(p) Central portion on both surfaces, arms, and pinnules deep black, the arms 
in the terminal half with markings of very light straw yellow and certain of the 
pinnules deep blood red on the aboral side toward the base; cirri with a dark 
brown wash over silver. 

(q) Entirely black. ] 

Comatella stelligera—(a) Violet brown, becoming more reddish toward the arm 
tips, with a broad band, over an inch wide, of green, becoming greenish yellow in 
the center, in the middle of the arm; brachial perisome in the outer part of the 
arm bright red. 

[ (6) Bright yellow, with a deep green center. 

(c) Green, the pinnules with yellow tips. 

(d) Yellow green and blackish. 

(e) Greenish gray, browner orally. 

(f) Rich red purple. 

(g) Deep purple red. 

(A) Red purple, the pinnules with yellow tips. 

(z) Very deep red purple, the pinnules with yellow tips. 

(j) Deep purple, the pinnules with yellowish green tips. 

(k) Deep purple, the pinnules rusty red in marked contrast. 

(Z) Red purple, green and yellow. 

(m) Purple and green, with the tips of the pinnules rusty. 

(n) Uniformly black.] 

Comatella decora—Bright yellow, the ventral perisome slightly brownish. 
A very small specimen clear yellow, the cirri white. 

Capillaster marie —Brownish yellow, the pinnules grayish. 

Capillaster multiradiata—(a) White, with a broad band of dark maroon about 
an inch wide just beyond the middle of the arm, and maroon marblings on the 
disk. 

(6) Dorsal surface brown, the articulations much darker, heavily silvered 
or frosted with white, which extends also over the cirri; oral surface black. 

[(¢) Dark wine red, with brown. 

(d) Arms maroon, with a slight reddish tinge; rest of body almost black 
brown. 

(e) Brownish wine color. 

(f) Arms dorsally very dark reddish chocolate, becoming darker basally: 
ventral surface and dorsal surface of pinnules black chocolate; centrodorsal the 
same; cirri the same with silver tips, some with whitish dots in the median line 
and others with a drab tinge. 
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(g) Proximal portion of arms dorsally orange brown, with transverse lines 
of silver, the arms then becoming alternate arcs of silver and dark orange brown, 
the latter becoming slightly lighter distally; pinnules in general corresponding in 
color to the arms, but toward the arm tips becoming bright orange; disk brownish 
orange; cirri deeper brownish orange, slightly lighter dorsally, with silver tips; 
centrodorsal silver with the center orange brown and five circular areas of the 
same color on the margin. 

(i) Arms and pinnules crossed by transverse alternating bands of grayish 
and brown, the colors becoming lighter toward the arm tips; disk light brown; 
centrodorsal dark brown; cirri dark brown with white tips. 

(i) Brown, with dark joints, orally black, silvered or frosted heavily with 
white. 

(j) Black except for the articulations of the arms and cirri which are very 
dark chocolate with a very slight tinge of red; centrodorsal dark chocolate; tips 
of the cirri white.] 

Capillaster clarkiArms and disk greenish, ornamented, the former with 
scattered, the latter with numerous, spots and dots; pinnules greenish black with 
a narrow white band on each segment; cirri yellow. 

Nemaster iowensis.—(a) Sulphur yellow. 

(6) Rich golden brown. 

(ec) Arms black, the pinnules lemon yellow at the tips, shading into black. 

(d) Nearly black. 

Nemaster discoidea.—(a) Very dark gray, the pinnules whitish banded with 
darker, the cirri whitish. 

(6) Black, the pinnules yellow. 

Comissia peregrina—Olive green, the cirri blotched with lighter. 

Comissia lithent—Arms dark greenish yellow, the pinnules chrome yellow, 
the cirri dull greenish yellow with dusky bands. 

Comissia horridus.—Yellowish brown. 

Comissia hispida.—Y ellow. 

Comissia scitulus.—Greenish. 

Leptonemaster venustus—(a) Pale yellow, yellow, or greenish yellow. 

(6) Brownish. 

(c) White, each arm with from five to seven narrow cross bands of cadmium 
yellow; arm tips yellowish; cirri pale yellow. 


Subfamily CoMACTINIINE. 


Comatula rotalaria.—Purple. 

Comatula purpurea.—Reddish purple. 

[ (6) Olive brown to black.] 

[Comantula pectinata.—Bright carmine, the pinnules with white tips.] 

Comatulella brachiolata.—Purplish red, the centrodorsal and first seven seg- 
ments of the cirri darker and more brownish, the distal portion of the cirri 
bright red. 
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Comactinia meridionalis—(a) Light yellow. 

(6) Dark yellow. 

(c) Arms light yellow, the pinnules deep carmine, usually tipped with yellow. 

(d) Dark rose pink, the pinnules pale yellow banded with burnt sienna, the 
cirri pale yellow. 

(e) Rich carmine. 

(7) Rich carmine with yellow spots, the pinnules orange yellow. 

(7) Deep carmine, the pinnules orange with red and yellow spots and tipped 
with yellow. 

(h) Bright purple, the pinnules brighter purple. 

(z) Deep mauve, the pinnules very pale straw yellow banded with grayish 
purple. 

Subfamily CoMASTERINA:. 


Comaster fruticosus—Brownish yellow. 

Comaster taviana—Chrome yellow ventrally, the dorsal skeleton yellowish 
white. 

Comaster parvus.—Deep black, the tips of the pinnules yellow. 

Comaster serrata—Dull greenish yellow. 

Comaster minima.—Chrome yellow, with numerous longitudinal narrow lines 
on the radials and division series, and transverse lines on the arms, of dark brown. 

[Comaster belli—Deep purplish blue, the pinnules purple, the cirri lemon 
yellow. | 

[Comaster noveguinee.—(a) Arms olive; pinnules blue, darker on the oral 
surface; disk dark blue; centrodorsal olive; cirri blue, darker toward the ends, 
with silver tips. 

(6) Very dark dirty brown ventrally; dorsally very dark chocolate with 
burnt orange at the margins of the brachials and also small dots on the brachials 
and the pinnulars; centrodorsal dark chocolate with a white dot in the center and 
a few dots of burnt orange around it. 

(ce) Arms dorsally black brown except toward the base; pinnules the same, 
with long yellow tips; centrodorsal with a black brown margin and brown over 
silver center; cirri thin brown over silver, with silver tips. 

(d) Wholly dark chocolate. ] 

Comantheria briareus——(a) Yellow and black in cross bands. 

(6) Dorsally dark green, with the articulations and some small spots greenish 
yellow; sides of the arms including the pinnules, and distally much of their dorsal 
surface, yellowish white; centrodorsal partly white; cirri yellow: tips of the pin- 
nules rusty red; oral surface very dark, but finely mottled with yellow ereen. 

[(e) Dark burnt orange, the centrodorsal and disk lighter than the rest of 
the body. 

(d) Dark wine red with just a suggestion of very dark brown; division series 
dark and dirty brown, as if abraded. 

(e) Dark wine red. 
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(f) Very dark wine red with just a suggestion of very dark chocolate, the 
ends of the arms much lighter than the rest of the body and with a tinge of brown, 
the tips of the pinnules with a suggestion of crimson. 

(g) Dark wine red, with the ends of some of the arms light chestnut. 

(A) Dark wine red, with a tinge of dark brown, the tips of the pinnules 
dark red. 

(z) Very dark brownish red, the tips of the pinnules very dark red. 

(j) Rich chocolate brown, with a red tinge. 

(%) Arms for about the proximal half dark orange brown, with a few median 
white spots near the centrodorsal, the pinnules the same ventrally, dorsally slightly 
lighter and with tips of light straw yellow; on some of the arms the terminal half 
is light chocolate, the pinnules the same with light straw yellow tips; other arms 
are transparent white or white with chestnut spots, and the pinnules are trans- 
parent white with light chestnut spots; oral pinnules chestnut with light straw 
yellow tips; disk chocolate in the center and chestnut on the margin. 

(2) Arms in the proximal thirds on both surfaces brownish orange, becoming 
light olive green, and light yellowish green at the tips, the pinnules corresponding ; 
arms and pinnules with a fine stipple of bright straw yellow; disk and centro- 
dorsal brownish orange. 

(m) Arms dark brownish orange, slightly darker ventrally than dorsally, 
with a stipple of light orange yellow; pinnules dark brownish orange with numerous 
bands, and tips, of light orange yellow, slightly darker ventrally than dorsally; 
centrodorsal light orange yellow. 

(n) Fairly dark wine red with dorsally a coarse stipple of light straw yellow, 
the terminal] thirds of the arms light straw yellow with a slight tinge of green. 

(0) Dark wine red, regularly stippled all over, though increasingly less toward 
the arm tips, with bright straw yellow. 

(p) Very dark wine red tinged with dark brown and coarsely stippled with 
light straw yellow, the arms in the distal half becoming very dark olive with no 
stipple; tips of the pinnules light straw yellow. 

(gq) Stippled with golden yellow. 

(r) Purplish wine color, the tips of the pinnules and spots on the arms bright 
straw yellow; cirri and centrodorsal bright straw yellow, the former with spots of 
dark wine color. | 

[Comantheria alternans.—Orange brown, the young arms and the distal part 
of many of the old ones bright brownish orange. ] 

[Comantheria weberi—(a) Arms ventrally light yellowish green, laterally and 
dorsally very dark brown, almost black; pinnules dark brown, tipped with light 
yellow; disk light brown; centrodorsal dark brown, almost black; cirri dark brown. 

(6) Arms blue dorsally and very dark brown or black ventrally; pinnules the 
same; disk black; centrodorsal brown; cirri brown over silver. 

(c) Wholly very dark brown. 

(d) Entirely blackish brown except for the silver tips of the cirri. 

(e) The same as the preceding, but darker. ] 
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Comanthina schlegelii—(a) Bright yellow. 

[(®) Division series, centrodorsal and cirri light yellow, with dots of blackish 
brown at the margins of the ossicles and between them; most of the arms blackish 
brown, dorsally with numerous oblong markings of light yellow along the median 
line, some entirely light yellow almost to the tips; pinnules mostly blackish brown 
dorsally, ventrally the same basally with the tip hght yellow; disk blackish brown 
with irregular markings of light yellow. 

(c) Ventral surface of arms and pinnules various shades of dark orange 
red; the dorsal surface of the arms white, the pinnules with a row of white spots 
dorsally and with the tips on both surfaces hght straw yellow; elongated oral 
pinnules white dorsally and deep orange red ventrally; centrodorsal slightly 
grayish. 

(d) Dorsal side of arms in the proximal two-thirds white, the ventral and 
lateral portions and the disk dark orange red; some of the pinnules dark orange 
red, others white or very slightly pink; pinnules on basal half of arms with tips 
of light yellow; centrodorsal white. 

(e) Arms dorsally white at the base with a thin wash of very dark orange 
red on the remainder of the dorsal and lateral surfaces, ventrally very light 
yellow; pinnules dorsally light yellow, ventrally deep orange red with light 
yellow tips; elongated oral pinnules light yellow, with spots of deep orange red; 
centrodorsal yellow with a broad white median pentagon and spots of dark red- 
dish orange at the angles; disk thin dark reddish orange with irregular markings 
of very light transparent greenish yellow. 

(f) Centrodorsal, cirri, and division series dull orange, the last with the 
joints almost white; arms moderately dark reddish orange; pinnules the same 
ventrally, dorsally brighter, tipped with bright orange yellow; some of the arms 
have areas, including also the adjacent pinnules, which are either solid white or 
mottled white and reddish orange; disk bright orange yellow. 

(g) Division series bright yellow; some of the arms dorsally dull orange, 
others blackish brown; some of the arms in the distal two-thirds white, with the 
sides of others white and the remainder light straw yellow; pinnules in general 
corresponding to the color of the arms, but the pinnules arising from the white 
sides of the arms are dull orange; disk and proximal third of arms ventrally light 
straw yellow; centrodorsal and cirri white. 

(h) Centrodorsal blackish brown and white; division series blackish brown, 
chestnut, and white, the interbrachial plating white; arms of various colors, white 
or very light chestnut dorsally and blackish brown laterally to light yellowish 
green dorsally and laterally with an irregular stipple of very dark orange brown; 
ventrally some of the arms are light yellowish green, others light olive, and still 
others blackish brown; arms that are brown dorsally or laterally are darker 
brown ventrally; on very light yellow or light greenish yellow arms the pinnules 
are mostly deep orange red ventrally, the basal third stippled with light olive, 
and slightly yellowish green dorsally; on the dark orange red portions of the 
arms the pinnules are of the same color as the latter on both surfaces and tipped 
with white except for a few that are all white or white mottled with dark orange 
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red; a few of the pinnules on green or yellow green areas are white; elongated 
oral pinnules chestnut dorsally and chocolate ventrally; disk blackish brown and 
chocolate, the ambulacral grooves light yellow. 

(i) Very similar to the preceding, but with no white interbrachial plates; 
centrodorsal white; terminal half of the arms yery light greenish yellow. | 

[Comanthus bennetti—(a) Division series and arms dull orange yellow with 
numerous small spots of dark orange; toward the middle of some of the arms the 
spots become darker, and lighter again toward the tips; the color of the pinnules 
in general corresponds to that of the arms; elongated oral pinnules dull orange 
with spots of dark reddish orange; ventrally some arms are very dark brown, 
while others are wholly or partly dull orange with spots of dark reddish orange; 
disk dark wine red. 

(6) Division series greenish yellow with a thin stipple of very dark wine red; 
arms dorsally very dark wine red stippled with light orange yellow, the latter 
becoming more abundant at the margins of the brachials; pinnules dorsally in 
the basal third very dark wine red, heavily stippled with light orange yellow; 
ventral surface of disk and arms light orange yellow very finely stippled with 
very dark wine red, the stippling absent on the pinnules: centrodorsal dull orange 
yellow; cirri dorsally similar but in the terminal half light orange yellow stippled 
with very dark wine red; ends of the tips vitreous, the bases glassy over dark 
reddish orange. 

(c) Centrodorsal chestnut with white dots; division series purplish; arms 
dark chocolate with two rows of alternating white spots on the ventral side of the 
arms and the tips of the pinnules light brown; disk creamy white; cirri with 
a tinge of purple and glassy tips. 

(d) Centrodorsal and division series very dark reddish brown, with just 
a suggestion of dark purple, becoming lighter reddish brown in the terminal 
half, very closely stippled with light yellowish green; arms and pinnules dorsally 
dark reddish brown with a very light yellowish green stipple and ventrally the 
same with the ambulacral grooves chestnut; disk dark reddish brewn with a 
purple tinge, with a very close stipple of light yellowish green; cirri dark reddish 
brown with a purple tinge, lighter proximally and distally, with silver tips.] 

Comanthus solaster—Dark purple, the disk, cirri, and pinnules brownish 
yellow. 

Comanthus japonicus.—Bright yellow to deep yellow brown. 

Comanthus wahlbergti—Dark violet to blackish. 

[Comanthus samoana——(a) Arms dorsally olive, slightly lighter ventrally; 
pinnules near the arm bases olive dorsally, slightly darker ventrally, toward the 
ends of the arms becoming yellowish, slightly darker ventrally; tips of the pin- 
nules much lighter than their bases; centrodorsal dark olive with the center yellow; 
cirri light yellow, slightly darker dorsally than ventrally. 

(b) Blue green. 

(ec) Purple, the pinnules with yellow tips. 

(d) Brown, shading into green at the middle of the arms; tips of the arms 
yellow. 
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(e) Brown, the tips of the arms greenish. 

(f) Dark brown, lighter dorsally at the arm bases where there is much mot- 
tling with cream white; cirri white, marked with light brown. 

(g) Similar, but the white very much predominates. 

(h) Apparently uniform black.] 

Comanthus annulata—(a) Ranging from lemon yellow and brown to almost 
uniform dead black, with bewildering diversity. 

(6) Dull green. 

(c) Dorsal surface deep canary yellow, pinnules bright red. 

[(d) Dorsal surface white, the joints darker; cirri greenish white, the joints 
pure white, appearing as white spots; ventral surface brown, deepest on the disk 
and lightest at the tips of the arms. 

(e) Chrome yellow, greener orally, the joints not much darker. 

(7) Arms dorsally orange and white, laterally white, ventrally orange; some 
pinnules dull orange ventrally and white dorsally, others very dark chocolate ven- 
trally and white dorsally; centrodorsal with a white center passing outwardly 
through dark drab to bright orange yellow; cirri very light orange yellow; disk 
dull orange with markings of slightly yellowish white. 

(g) Arms dorsally silver with numerous transverse lines of dark orange, 
ventrally dark reddish orange; outer third or half of some of the arms light dull 
orange, slightly lighter dorsally than ventrally; pinnules dorsally silver, with 
numerous transverse marks of dull orange on the sides, ventrally deep orange, 
toward the arm tips corresponding to the color of the latter; centrodorsal dull 
orange; disk rather dark reddish orange. 

(h) Yellowish green, the pinnules with white tips. 

(z) Arms light yellowish green on both surfaces; pinnules varying from light 
yellowish green dorsally to india black ventrally, the tips somewhat lighter; 
centrodorsal olive; rudimentary cirri light olive; disk light olive with black 
reticulations. 

(j) Arms dark yellowish green; pinnules dorsally the same, shading to very 
light greenish yellow at the tips, ventrally blackish or bluish green; centrodorsal 
dark yellowish green; cirri greenish blue, slightly darker ventrally than dorsally, 
with silver tips. 

(%) Centrodorsal and arms on both surfaces greenish yellow, becoming lighter 
toward the tips; pinnules light blue dorsally, very dark blue ventrally; cirri bluish 
dorsally, darker ventrally, with silver tips. 

(Z) Bright green. 

(m) Arms leaf green dorsally, olive green ventrally; pinnules bright blue 
dorsally, dark bluish green ventrally; centrodorsal olive green streaked with 
brown; cirri blue; disk olive. 

(n) Arms dorsally golden green, the pinnules lighter yellowish green with the 
tips very light yellow for a long distance dorsally and a short distance ventrally. 

(0) Arms olive, slightly darker dorsally than ventrally; pinnules light olive 
dorsally, dark blue ventrally; centrodorsal olive; cirri pale blue with silver tips; 
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disk olive, slightly darker in the center than at the margins, with blackish brown 
reticulations. 

(p) Arms olive, slightly darker ventrally than dorsally; pinnules proximally 
olive, shading to dark blue distally, slightly lighter dorsally than ventrally ; centro- 
dorsal olive; cirri bright blue with silver tips; disk olive with blackish brown 
reticulations. 

(g) Arms olive on both surfaces; pinnules olive dorsally and blue ventrally ; 
centrodorsal light olive; cirri light blue with white tips; disk olive with black 
reticulations. 

(7) Arms olive on both surfaces, becoming somewhat blue on the bases ven- 
trally; pinnules olive dorsally and blue ventrally; centrodorsal olive; cirri light 
blue with silver tips; disk olive. 

(s) Arms dorsally very dark olive at the base, becoming very dark brown, 
ventrally very dark brown with light olive markings on alternate sides; pinnules 
blackish brown with brown tips; cirri silver olive dorsally and light olive ven- 
trally with silver tips; disk blackish brown. 

(¢) Arms brownish olive dorsally, olive ventrally with a dark brown zigzag 
stripe; pinnules olive with extensive chocolate brown irregular markings ventrally ; 
centrodorsal brownish olive; cirri olive at the base and with alternating areas of 
chestnut and olive; disk olive with irregular chestnut brown markings. 

(w) Arms olive, slightly lighter ventrally than dorsally; pinnules light blue 
dorsally and dark blue ventrally; centrodorsal light olive; cirri light blue; disk 
dark olive. 

(v) Dorsal surface pure olive with the joints and syzygies cream color; pin- 
nules with white or pale cream-colored joints, appearing as white spots on their 
dorsal surface, and with brown orange tips; oral surface blackish; disk spotted 
with cream. 

(w) Arms dorsally olive, the pinnules light yellowish green, and ventrally 
olive with the ambulacral grooves dark blue; pinnules ventrally slightly grayish 
blue; disk dark olive with reticulations of blue black. 

(x) Arms olive, slightly lighter ventrally than dorsally; pinnules dorsally at 
the arm bases light yellowish green toward the arm tips, gradually becoming 
blackish blue dorsally, ventrally blackish blue; centrodorsal light olive; disk very 
dark olive with blackish blue reticulations; cirri light greenish blue. 

(y) Similar, but the pinnules wholly bluish black. 

(z) Arms and pinnules dorsally dull greenish yellow, ventrally black; disk 
very dark green; centrodorsal light greenish yellow; cirri dull greenish yellow with 
a slightly bluish tinge. 

(aa) Arms yellowish olive dorsally with a median line of very light straw 
yellow, ventrally dirty light yellow with the ambulacral groove blackish brown; 
basal portion of the pinnules dorsally blackish brown with spots of light dirty 
yellow, becoming clear very light yellow toward the tips with a slight greenish 
tinge in the spots; pinnules ventrally blackish brown with spots of light clear and 
dirty yellow; centrodorsal yellowish olive with the central portion light yellow: 
cirri yellowish olive with spots of clear light yellow; disk the same. 
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(6b) Bases of the arms reddish and whitish, the distal halves greenish yellow. 

(ce) Disk and the basal portions of the arms ventrally bright rose purple, 
dorsally light yellowish brown, becoming dusky at the middle of the arms and in 
the terminal portion bright yellow with or without a transverse band of rose pur- 
ple; cirri rose purple. 

(dd) Very dark wine red. 

(ee) Arms and centrodorsal very dark red; pinnules blackish brown with 
silver tips; disk blackish brown. 

(ff) Arms blackish brown on both surfaces, ventrally with a zigzag stippled 
olive stripe; pinnules blackish brown with long yellow tips; centrodorsal and cirri 
blackish brown; disk very dark brown. 

(gg) Blackish brown. 

(hk) Entirely very dark brown. 

(zz) Black ventrally, bright yellow dorsally. 

(77) Black, the pinnules with yellow tips. 

(kk) Black, some of the arms and pinnules light brown terminally; cirri 
lighter dorsally than ventrally, with white tips; disk slightly yellowish. 

(il) Pure velvety black except for the arm tips, which are canary yellow with 
the faintest tinge of green. 

(mm) Deep black, the cirri silvery with white tips. 

(nn) Arms chestnut brown dorsally, slightly darker ventrally; pinnules the 
same color as the arms, some of them with very short silver tips; centrodorsal 
chestnut; cirri light brown with silver tips; disk very dark brown with olive 
oblong spots. 

(oo) Arms blackish brown; pinnules blackish brown with burnt orange tips; 
centrodorsal blackish brown with silver spots between the cirri; cirri partly 
blackish brown and partly silvery, with silvery tips. 

(pp) Arms dorsally light brown with a light olive median stripe, ventrally 
light olive with a blackish phone median stripe; “pinnules light olive dorsally, dark 
blue ventrally, with short light yellow tips, some with alternate areas of olive 
and blackish brown orally; centrodorsal brown with five radial olive markings; 
cirri with alternate bands of brown and olive. 

(qq) Arms dorsally light brown, ventrally olive, slightly lighter toward the 
tips; pinnules olive with light yellowish green tips, lighter dorsally than ventrally: 
centrodorsal with a white center; disk dark olive. 

(rr) Arms basally dark chestnut with markings of light bluish green, then 
bluish green, and the remainder to the tips blackish brown; in the first area the 
pinnules are colored like the arm; in the second they are light greenish yellow 
with blackish brown spots; centrodorsal blackish brown with light bluish green 
spots; disk blackish brown with the ambulacral grooves light bluish green. 

(ss) Arms dorsally very dark olive or chocolate, the brachials bordered with 
black; pinnules black with a silver median line, the tips very light yellow; arms 
ventrally light olive, with the ambulacral grooves black, green, or brown; on 
certain arms the ventral surface of the pinnules is the same; on others they are 
silver with a median black line; they show pinkish, and are presumably filled 
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with spermatoza; centrodorsal cream white, surrounded by light brown; disk 
silver with light brown and black specks. | 

Comanthus parvicirra—(a) Dark purple. 

(0) Bright yellow brown; in some cases this is much darkened and has a 
greenish cast; rarely the tips of the pinnules are green or greenish yellow. 

(c) Deep olive brown, the pinnules tipped with yellow. 

(d) Brown, the pinnules green. 

(e) Orange. 

(f) Rose red and white. 

[(g) General color bright canary yellow; dorsal surface of the arms with 
a central and two lateral lines of dark brown; brown transverse lines at the 
articulations; tips of the pinnules dark prussian blue. 

(h) Greenish yellow and rich reddish purple. 

(2) Arms red, the pinnules deep yellow; a broad white band across the bases 
of the arms dorsally and others at irregular intervals distally. 

(j) Arms dorsally at the base yellow with dark brown longitudinal bands 
and spots, becoming distally yellowish green, ventrally olive with a median line 
of dark brown; pinnules dorsally banded with brown and yellow, ventrally dark 
brown with yellow transverse bands and near the base olive green patches; centro- 
dorsal with yellow and brown spots; cirri banded brown and bright yellow; disk 
very dark brown with yellow and a few green areas. 

(%) Delicate gray. 

(7) Grayish. 

(m) Rather grayer than usual on the ventral surface. 

(7) Grayish brown with yellowish arm tips. 

(0) Arme dorsally whitish, the joints and syzygies dark brown, ventrally 
delicate wood brown, most of them darker at the base; cirri yellow, banded with 
dusky. 

(p) Light grayish brown. 

(q) Light wood brown. 

(rv) Very brown. 

(s) Entirely chocolate. 

(¢) Dorsal surface dull whitish or pale grayish brown with each joint and 
syzygy black, the ventral blackish; pinnule segments almost white; cirri pale 
yellowish. 

(w) Arms dorsally black, becoming olive distally, ventrally black; disk black 
over olive; centrodorsal light olive; cirri olive with cream-colored tips. 

(wv) Entirely deep blackish brown except the cirri, which are slightly silvery 
distally with silver tips. ] ; 


Family ZYGOMETRIDA. 


Zygometra microdiscus, young.—(a) Whitish, marked with narrow irregular 
bands and spots of bright red; cirrus segments violet, distally bordered with white. 
(6) Spotted with red violet and with broad white cross bands; cirri as before. 
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Zygometra elegans—The color in life is recorded as very variable, with no 
details. The black and white comatulids mentioned by von Willemoes-Suhm were 
probably this and the preceding species. 

[Zygometra comata.—(a) Equally mixed spots of dark brown and canary 
yellow all over the body. 

(6) Orange, the arms covered with darker spots which give them a bronzy 
appearance. | 

Zygometra punctata—(a) Dull red. 

(6) Purple of a rather pale shade; pinnules yellowish at the tips; cirri more 
or less white. 

Zygometra pristina.—Deep violet, the cirri white. 

Catoptometra magnifica—“Apparently bright yellow, with regular bands of 
bright red on the arms, like C. rubroflava.” 

Catoptometra rubroflava.—Brilliant yellow, the arms broadly banded with 
bright red; the cirri are dull orange red. 

Catoptometra hartlaubi—(a) Yellowish brown, the skeleton whitish. 

(6) Young; bright yellow. 

Catoptometra ophiura—(a) Dull olive green, the disk ambulacra and the 
perisome of the pinnules dark brown. 

(6) Bright yellow, the arms broadly banded with bright red. 


Family HIMEROMETRIDZE. 


Himerometra magnipinna.—(a) Uniform deep violet. 

[(©) Arms transversely barred with brown, at the base whitish or light straw 
yellow; pinnules barred with whitish and brown; anal tube straw color, spotted 
with light brown. 

(ec) Division series dull ochre; the arms crimson, shading to rich chocolate 
at the tips. 

(d) Arms dorsally wine red, becoming darker on the division series, regenerat- 
ing arms tending to crimson, ventrally light pinkish gray with transverse lines; 
pinnules dorsally like the arms ventrally; enlarged proximal pinnules, disk, 
ambulacral groove of the arms, and the ventral surface of the pinnules dark wine 
red, tending toward crimson on regenerating arms; cirri ventrally colored like the 
division series, dorsally slightly lighter, and with silver tips. 

(e) Dark wine red, the dorsal surface of the arms washed with silver; centro- 
dorsal pink; cirri slightly lighter dorsally than ventrally, with white tips. 

(7) Dark wine red with two rows of alternating white spots along the ventral 
surface of the arms. 

(g) Medium dark wine red, the centrodorsal pink, the cirri dorsally slightly 
lighter with the tips white. | 

Heterometra nematodon.—Dorsally light flesh color; pinnules ventrally more 
or less violet; cirri dark violet, many of the segments dark in the middle, so that 
they appear ringed. 
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Heterometra crenulata.—(a) Striped dark violet brown and yellow. 

(6) Red and violet. 

(ce) Red brown and white in cross stripes, the disk with scattered triangular 
white spots between the ambulacral grooves. 

(d) Red. 

Heterometra afinis—Purplish black and white in alternating bands about a 
quarter of an inch wide. 

Heterometra savignii.—(a) Purple and white. 

(6) Brown and white. 

(c) Whitish, with a violet tinge, and with patches of darker color and 
of yellow. 

Heterometra bengalensis —Black. 

Amphimetra discoidea—(a) Yellow brown, the perisome of the pinnules 
yellow. 

(6) White, the ambulacral grooves and the cirri violet. 

Homalometra denticulata—Bright yellow and lavender in alternating bands 
about three-sixteenths of an inch wide. 


Family STEPHANOMETRID. 


Stephanometra echinus.—(a) Dark purple. 

[(®) Orange yellow with a few areas of very dark chocolate wine, becoming 
lighter on the division series and very light on the arm tips. 

(c) Burnt orange with the disk slightly yellowish; there are numerous small 
spots of dark wine red over the whole surface, becoming larger, darker, and more 
numerous on the ventral surface of certain arms, where they give the appearance 
of very dark chocolate. 

(d) Arms dorsally alternating silver and bright red, ventrally silver and dark 
wine red; pinnules in general corresponding to the color of the arms at the point 
of origin; enlarged proximal pinnules and the tips of the others orange; centro- 
dorsal silver, surrounded by rings of light red brown; disk light pink, with small 
spots of orange; cirri silver basally, with occasional areas of light red brown, and 
silver tips. 

(e) Maroon, crimson, light cream color, and light chestnut ; disk white, orange, 
and pink; centrodorsal cream color with a maroon margin; cirri white and orange. 

(f) Wine red, the ends of the arms and regenerating arms bright red, almost 
crimson, the whole surface with fine silver markings. | 

[Stephanometra oxyacantha.—(a) Proximal third of the arms silver with 
blackish brown lines at the articulations, the arms then becoming dorsally blackish 
brown with transverse lines of silver and ventrally blackish brown; enlarged oral 
pinnules silver, with a blackish brown stripe dorsally; centrodorsal very dark red 
with a median and five marginal white spots; cirri very dark red with silver tips; 
disk blackish brown. 

() Arms chestnut, maroon, white, and chocolate, with transverse lines at the 
edges of the brachials; enlarged proximal pinnules with a wash of purple ven- 
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trally and laterally, chestnut dorsally; disk white, chocolate, and chestnut; centro- 
dorsal dark chestnut, with a white dot in the center; cirri with a chocolate wash 
ventrally and a faint trace of purple toward the base dorsally. 

(c) Proximal third of the arms very dark reddish orange, beyond very light 
orange yellow, almost white, with transverse markings of very dark reddish orange; 
pinnules very light orange yellow with long tips washed with bright orange yellow; 
cirri dark reddish orange, slightly lighter dorsally. 

(d) Light purplish gray except for bands of chestnut at the end of the basal 
third of the arms from which point purplish gray and chestnut alternate on the 
arms and pinnules; disk light cream color. 

(e) Arms olive dorsally and olive brown ventrally; pinnules blackish brown, 
slightly darker ventrally than dorsally, with yellow tips; centrodorsal and cirri 
dark olive. 

(f) Arms and pinnules very dark reddish orange stippled with silver; centro- 
dorsal the same, with a silver spot in the center and four marginal silver areas; 
cirri the same, slightly lighter dorsally than ventrally, with silver tips. 

(g) Arms at the base ‘dorsally deep reddish orange, with purple, washed with 
light gray ; then come darker areas with dark reddish brown until about the middle 
of the arms, where the color is dark reddish orange with purple; toward the arm 
tips the color shades to very light purple with a wash of silver; on the basal half 
of the arms the color of the pinnules in general corresponds to that of the arms, 
but on the terminal half the pinnules are covered with rings of silver and dark 
reddish orange with purple, the latter becoming lighter toward the tips, and there 
are some areas where the pinnules are almost all white with only a few spots of 
this dark color; centrodorsal light dirty gray; cirri with a heavy wash of yel- 
lowish white over dark reddish orange, with slightly yellowish white bases and 
silver tips; disk light bluish gray with a trace of yellow on the ambulacral grooves. 

(h) Arms with alternating areas of deep orange red and dull orange, with 
the edges of the brachials darker than the rest of their surface: pinnules corre- 
sponding in color to the arms in the lighter areas, in the darker with transverse 
bands of dull orange; centrodorsal white; cirri orange red, dorsally silvered; disk 
mottled rather deep reddish orange and very light orange yellow. 

(2) Arms and pinnules dorsally bright violet red with the joints darker, ven- 
trally very light violet red, with alternating blotches of much darker; enlarged 
proximal pinnules light violet red; middle of centrodorsal light violet red, the 
remainder very light orange yellow. 

(j) Arms basally very dark red, with transverse silver marks ventrally, 
becoming silver with transverse lines dorsally; pinnules very dark red, the enlarged 
oral pinnules slightly lighter ventrally; disk, centrodorsal, and cirri very dark red, 
the centrodorsal with a silver center, the cirri lighter dorsally than ventrally and 
with silver tips. 

(%) Light wine red, the enlarged oral pinnules lighter; centrodorsal with a 
white median spot. 

(1) Dark wine red with the enlarged oral pinnules slightly lighter; centro- 
dorsal with a median white spot. 
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(m) Wine red, slightly lighter ventrally than dorsally; tips of the cirri 
slightly silver. 

(n) Dark wine red. 

(0) Division series chocolate with a tinge of purple; arms dorsally reddish 
chestnut, the margins of the brachials chocolate, ventrally, with the pinnules and 
_ disk, dark chocolate; some of the pinnules dorsally dark reddish chocolate, and 
others with areas of very light chestnut; centrodorsal dark wine red; cirri purplish, 
darker ventrally, with silver tips. ] 

Stephanometra spicata-—(a) Uniform deep red-purple, except the cirri, which 
are nearly dull yellow at the base and only dark at the tips. 

(6) Orange yellow, with the middle third of the arm orange red. 

[ (ce) Cream yellow, with dark brown spots on the arms. 

(d) White, with dark chocolate stripes on the arms and pinnules; white areas 
on the dorsal surface of the arms with grayish centers. 

(e) Fine reddish purple. ] 

[Stephanometra monacantha—Arms dorsally dark reddish brown with con- 
spicuous cream-colored bands at irregular intervals, ventrally rusty red with an 
occasional cream-colored patch; pinnules dorsally rusty brown, ventrally rusty 
red; centrodorsal cream colored; cirri cream colored proximally, becoming gray 
distally ; disk rusty réd with cream-colored markings. | 


Family MARIAMETRID. 


Pontiometra andersoni—Purplish brown. 

Oxymetra aranea.—Greenish yellow. 

[Dichrometra bimaculata—(a) Division series drab with a slightly purplish 
wash; arms with areas of light purplish and areas of white with a tinge of purple; 
pinnules dorsally chestnut with a tinge of purplish or white, ventrally chocolate 
or white; centrodorsal light muddy brown; cirri light purple with white tips; disk 
white with two chocolate papille on opposite sides of the central mouth. 

(6) Arm bases dorsally very light dull orange, then lighter ‘dull orange, fol- 
lowed by alternating areas of the latter and dark reddish orange, growing slightly 
lighter toward the arm tips; arms ventrally with alternating ill-defined areas of 
very light orange yellow and dark reddish orange; mouth and ambulacral grooves 
on the disk and arm bases bright straw yellow; pinnules in general corresponding 
in color to the arms, but those arising in areas of dark reddish orange have rings 
of very light orange yellow; elongated oral pinnules very light orange yellow in 
the basal half, dark reddish orange in the distal half; cirri dull orange ventrally, 
somewhat silvery dorsally, with silvery tips. ] 

Dichrometra déderleini—tLight brownish yellow, the ventral perisome every- 
where purple. 

Lamprometra protectus——(a) Rich purple, with the bases of the arms and a 
broad distal band white; pinnules often with yellowish or rusty tips; cirri cream 
color dorsally, deep brown ventrally. 

(&) Bright green somewhat variegated with brown and white, and with a 
broad band of white crossing each arm distal to the middle which is particularly 
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prominent on the oral surface; between this band and the disk are three or four 
narrow bands of green; pinnules, at least distally, with yellow tips. 

(ce) Green with an obscure yellowish band three-eighths of an inch wide in the 
distal part of the proximal third of the arm, and the terminal half inch of the 
arm yellow. 

(d) Black and white. 

[(e) Arms with alternating areas of very light yellow and bright orange yel- 
low; pinnules on the lighter portions of the arms corresponding to the latter, on the 
darker partly very light yellow and partly bright orange yellow; centrodorsal 
white; cirri light dull violet red ventrally toward the tips, the remainder white. 

(f) Deep blood red, lighter on the centrodorsal and on the dorsal surface of 
the cirri. 

(g) Arms and pinnules alternating white and chocolate, the white shading 
into brownish gray; cirri ventrally on the terminal two-thirds chestnut, basally 
and dorsally white. 

(A) Arms dorsally purplish brown, purplish gray and white; pinnules dark 
chocolate and white with an occasional purplish tinge; centrodorsal dirty white; 
cirri dirty brown, dirty white dorsally at the base, with silver tips; disk dark 
chocolate and white. 

(z) Arm bases dorsally white, with a row of spots of olive just at the side of 
the median line; arms and pinnules ventrally at the base very light orange yellow, 
then dull light yellowish green with large blotches of greenish yellow, becoming 
lighter toward the pinnule tips, then a narrow area of very light orange yellow, 
and the rest blotched with very light orange yellow and very dark greenish yellow; 
elongated proximal pinnules very light orange yellow shading to olive with rings 
of the former distally; centrodorsal silver with five spots of olive; cirri ventrally 
in the terminal half dark yellowish green, dorsally and basally very light orange; 
disk silvery light dull yellow. 

(7) Arms dorsally at the base white with small green spots, toward the middle 
and tips becoming dark olive in definite bands, which alternate with white areas, 
ventrally alternating olive and white in bands, the olive lighter than on the dorsal 
surface; pinnules corresponding to the color of the place of origin, in the olive 
areas being transversely banded with olive and white; elongated proximal pinnules 
white basally and olive distally, the olive being slightly more extensive dorsally 
than ventrally; centrodorsal white with olive spots; cirri ventrally banded with 
olive and white, dorsally white, with white tips; disk mottled olive and white.] 

Lamprometra palmata.—(a) Black and white. 

(6) Purple and yellowish white. 

(c) Brown and white. 

(d) Light brown and white. 

(e) Uniform deep brown. 

(f) Predominently yellow. 

Mariametra delicatissima—Dorsally yellowish white with a narrow purple 
median line; ventrally light purplish gray. 
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Family COLOBOMETRIDA. 


[Cenometra unicornis—Arms light brown with very dark brown or black 
spots; pinnules silver, with three or four very dark brown rings, wider ventrally 
than dorsally, some in the proximal half of the arms entirely very dark brown ven- 
trally ; centrodorsal light brown; cirri dark brown, the dorsal half yellowish brown; 
disk gelatinous and transparent (probably regenerating) with oblong spots. | 

Cenometra delicata.—Deep violet, the cirri, P,, and the dorsal side of the other 
pinnules bright yellow. 

Cyllometra albopurpurea.—(a) Black and white in narrow alternating cross 
bands. 

(6) Dark purple and yellow in narrow alternating cross bands. 

(c) Arms dark purple as far as the last axillary, the remainder of the animal 
white. 

(d) White, with a broad band of deep purple in the basal third of the arms and 
two or three narrower bands distally. 

(e) Dull white, spotted more or less thickly with grayish or reddish purple. 

Prometra chadwicki—Purplish black, the arms of one specimen regularly 
striped with yellow. 

Oligometrides adeonw—(a) Very variable, ranging from clear lemon or 
canary yellow, with bands or purple marks, through variegated purple and yellow, 
or variegated brown and white, to finely variegated shades of gray and white. 

(6) Dark red, the terminal segments of the proximal pinnules and the arm 
tips with a silver sheen. 


Family TROPIUMETRIDA. 


Tropiometra afra—Dark purplish brown. 

Tropiometra macrodiscus—(a) Shining deep purple. 

(6) Bright yellow. 

Tropiometra carinata—Golden yellow or orange to somewhat brownish, with 
uniform black spots along the sides of the arms and cirri. 

Tropiometra picta——(a) Deep purple with large spots of yellowish white on 
the sides of the rays. 

(b) Varying from a light yellowish brown to a deep violet, with many inter- 
mediate shades, specimens being usually banded with lighter and darker colorings, 
and seldom of uniform tint. ; 

(c) “The first specimens of 7ropiometra seen appeared to be uniformly dark 
purple, purplish brown, reddish brown, or bright brown, but a closer examination 
showed that uniform coloring was very rare. Almost always a longitudinal dorsal 
stripe on each arm, or transverse bands of more or less width, or both, are present. 
The color of these markings is yellow of some shade, often dull and buffy, but not 
rarely quite bright. In some individuals the pinnules are also cross banded with 
yellow, and the distal pinnules may be uniformly brownish yellow. The cirri are 
yellow brown, at least dorsally, but are often more or less dusky or purplish on 
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the oral surface; in nearly all individuals, however, both young and old, the 
terminal two or three segments (except the claw) have a dusky spot on the oral 
side. This marking seems to be very constant in Tobagoan specimens. Occasional 
individuals are found in which the pinnules and dorsal side of the arms are 
plenteously besprinkled with silvery white, giving them an exceptionally hand- 
some appearance. 

“All of the small specimens found were brownish yellow or bright brown, 
more or less marked and banded with purple, and this general coloration is not 
rare in adults, particularly in those found under slabs of rock on Buccoo Reef and 
in similar shaded places. Some of these individuals were very handsome in their 
brilliant array of purple and gold, and it was hard to believe they were really 
identical with the dull-colored specimens from the shallows of Buccoo Bay. A 
natural inference from the specimens seen is that the young are uniformly yellow 
or brownish yellow, and that the purple pigment develops as they mature, in some 
individuals completely obliterating the original color, but usually appearing simply 
as spots, blotches, and cross bands. One could scarcely avoid the impression that 
the development of the pigment is associated with life in the open sunlight [as 
suggested by the present author in 1908], but there was no chance to secure an 
answer to the interesting question which suggests itself: Do the bright-colored 
individuals avoid the sun because they lack pigment, or do they lack pigment 
because they have never lived exposed to the sun?” 


Family CALOMETRIDA. 


Neometra conaminis.—White, with yellow bands on the arms and pinnules, 
more rarely on the cirri. 

Neometra gorgonia.—White, with purple bars and blotches on the pinnules. 

Neometra multicolor—(a) Usually a delicate light grayish purple or lavender, 
with narrow bands of dull yellow on the arms. The cirri are light lavender, 
usually with a narrow band of yellow about the end cf each segment. 

(6) One specimen is pure white, the arms crossed by a broad deep purple band 
near the middle and another near the tip. 

Pectinometra flavopurpurea.—(a) Lavender, the arms crossed by bands of 
dull yellow; lower pinnules yellow, banded at alternate articulations with purple; 
cirri yellow. 

(d) Arms as in the preceding; centrodorsal and division series orange; cirri 
purple. 

(c) Arms clear yellow, sometimes faintly blotched with light purple; centro- 
dorsal and division series orange; cirri deep purple, banded with white. 

Gephyrometra propinqua.—Reddish and purplish brown, marbled with light 
yellow, the dark and the light in about equal proportions; division series and lower 
brachials purple, with a median line of white; two or three areas of white with 
purple spots distally on the arms. 

Gephyrometra versicolor—Rich deep purplish brown, the basal portion of the 
arms with a row of lateral yellow spots; division series yellow, transversely banded 
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with purplish brown; cirri purplish brown, with the distal half yellow; disk 
purplish brown, marbled with yellow in the interambulacral areas. 

Calometra discoidea-—Bright yellow, the cirri lighter. 

Calometra callista—White, a broad band of deep purple in the basal third of 
the arms and two or three narrower bands distally. 

Calometra separata.—Bright yellow, banded with purple; lower brachials 
purple; cirri deep purple, or purple banded with white. 


Family THALASSOMETRID. 
Subfamily PTILOMETRIN2. 


Ptilometra macronema.—Purple, the cirri red. 

Pterometra magnipeda.—Brownish yellow. 

Pterometra pulcherrima.—(a) Bright red, more o1ange dorsally, with scat 
tered small white spots on the pinnules and cirri. 

(6) Yellow brown. 

Pterometra venusta.—Dark red, the tips of the pinnules white. 

Asterometra macropoda.—Light brownish yellow, the cirri white. 

Asterometra anthus.—Dull brownish yellow, the cirri almost white. 


Subfamily THALASSOMETRINA. 


Crotalometra porrecta.—Y ellow. 

Crotalometra flava.—Bright yellow. 

Oceanometra gigantea.—Arms light chocolate, cirri light chrome yellow. 

Cosmiometra philippinensis —Bright yellow. 

Cosmiometra aster—Bright yellow. 

Stenometra diadema.—Bright yellow. 

Daidalometra arachnoides.—Chrome yellow. 

Daidalometra hana—Bright yellow, sometimes banded with white; cirri white 
with a few narrow bands of yellow. 

Parametra orion—(a) Bright yellow, usually banded rather narrowly with 
white; cirri dull greenish basally, light yellow distally, the colors separated by a 
darker band. 

(6) Some specimens, more often the larger ones, are grayish, the distal por- 
tion of the arms bright yellow. 

Parametra fisheri—Arms cadmium orange, darkest on the pinnules; cirri 
bright lemon yellow. 

Lissometra alboflava.—Light yellow banded with white; cirri white. 

Aglaometra propinqua.—Y ellow. 

Aglaometra eupedata.—Bright yellow, the cirri lighter. 

Thalassometra villosa.—Light yellow. 

T halassometra lusitanica-—Bright yellow to brownish yellow. 

Thalassometra omissa.—Bright yellow. 
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Family CHARITOMETRIDA&. 


Perissometra lata.—Y ellowish brown. 

Pachylometra levigata—yY ellow. 

Calyptometra lateralis——Arms ocher yellow; cirri clear lemon yellow. 
Pecilometra scalaris.—Y ellowish brown. 

Chlorometra garrettiana.—Dull yellowish white. 

Strotometra hepburniana.—Bright yellow. 


Family ANTEDONIDZ. 
Subfamily ANTEDONINA. 


Antedon petasus—(a) Red (varying from bright red to brown red); the 
cirri white. 

(6) Banded red and white. 

(c) Almost uniform red, with the basal portion and ends of the arms white. 

(d) Almost uniform white, with the basal portion and ends of the arms red. 

Antedon bifida—(a) Deep purple. 

(6) Uniform deep reddish purple. 

(c) Rich brown. 

(d) Reddish tawny. 

(e) Rich damask (especially during the breeding season). 

(7) Crimson. 

(g) Red carmine. 

(h) Coarse red. 

(2) Scarlet. 

(7) Vermillion. 

(k) Deep rose. 

(Z) Rose. 

(m) Rich orange. 

(x) Orange. 

(0) Yellow. 

(p) Mottled, or mottled and spotted. 

(q) Red, variegated with white on portions of the disk and arms. 

(7) Clouded and spotted with rose, orange, and yellow. 

(s) Rich orange variegated with crimson. 

(¢) Rich orange variegated with white. 

(w) Rich orange variegated with bright sulphur yellow. 

In the prebrachial or cystid stage the interior of the calyx is occupied by a 
reddish brown visceral mass obscurely visible through the translucent walls. 

In the fully grown pentacrinoid, according to Dr. W. B. Carpenter, the body 
and arms usually possess a decided color, which is sometimes sulphur yellow, some- 
time light crimson, sometimes an intermixture of both hues. This is usually 
more pronounced in the arms than in the body, and is entirely due to the develop- 
ment of pigmentary matter in the pyriform vesicles. 
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Very young comatulids retain the original sulphur yellow color toward the 
ends of the arms, the proximal portion of the arms and the body assuming the 
characteristic red of the adults. 

According to Hassall, the markings and coloring of young specimens are very 
beautiful and delicate, very different from the coarse red which distinguishes them 
when mature. 

Antedon mediterranea.—(a) Chocolate brown (recorded from Naples). 

(6) Carmine. 

(c) Red. 

(d) Orange. 

(e) Chrome yellow. 

(f) Bright yellow. 

(g) Gray. 

(A) Red, with gray or white spots (the only color type recorded from Villa- 
franca). 

(z) Orange, with gray or white spots. 

Antedon adriatica—(a)  Brownish. 

(6) Purple red. 

(c) Red (the majority). 

(d) Yellow. 

(e) Sulphur yellow. 

(f) Red, of various hues, spotted with lighter. 

(g) Sulphur yellow, banded with white. 

Tovometra paupera.—(a) Uniform dark purple. 

(6) Brownish yellow, with the perisome dark brown. 

Tridometra melpomene.—Light yellow brown, the sides of the arms and of 
the division series and the cirri white, the perisome dark purple. 

Eumetra chamberlaini—Brownish yellow, the cirri and pinnules blotched with 
purple. 

Dorometra mauritiana.—Grayish green spotted with white. 

Dorometra nana.—(a) Dull green, spotted and blotched with white. 

(6) Purplish black with light brown cirri. 

[(e) Dark chocolate, with markings of very light chestnut on the cirri and 
disk, and the tips of the pinnules very light chestnut, especially near the ends of 
the arms. | 

Dorometra briseis—Light yellowish brown, with broad bands of darker yellow 
brown on the arms. 

Annametra occidentalis —Uniform brownish yellow with olive green spots. 


Subfamily THYSANOMETRINA. 


Thysanometra tenelloides—Grayish brown, the dorsal surface and the cirri 
nearly white. 
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Subfamily ZENOMETRINZ. 


Sarametra triserialis—Deep purple-vinaceous, the calyx and arm _ bases 
brownish. 

Psathyrometra erythrizon.—Rather dark dull purple. 

Psathyrometra fragilis—Light purplish brown. 

Balanometra elongata.—Arms purple, with a broad median line of white; 
pinnules and cirri white; centrodorsal purple. 

Leptometra celtica.—Green. 

Leptometra phalangium.—(a) White. 

(0) Green. 

Subfamily PEROMETRINA. 

Perometra diomedeew.—Rich reddish purple, spotted and blotched with white; 
division series and lower brachials white, the synarthrial tubercles purple, the divi- 
sion series with narrow purple transverse lines; cirri white, banded with purple. 

Young examples are lighter in color, very small ones being nearly all white. 

Erythrometra australis —Pale orange and yellow. 

Erythrometra ruber.—Salmon red, the pinnules yellow, the cirri white. 

Nanometra bowersi—(a) Brownish yellow, the dorsal surface and the cirri 
nearly white. 

(6) Light yellow. 

Subfamily HELIOMETRINAS. 


Heliometra glacialis—(a) Arms brownish, the pinnules orange yellow. 

(6) Bright yellow, the basal part of the cirri ventrally and the arm bases 
and pinnules dorsally washed with reddish purple. 

(c) Bright yellow. 

(d) Yellowish white. 

Promachocrinus kerguelensis—(a) Violet. 

(6) Golden yellow. 

tf lorometra asperrima.—Y ellow, the cirri whitish. 

Florometra serratissima.—Y ellow, the cirri whitish. 

Florometra perplexa.—Yellow or brownish yellow, the cirri whitish, 

florometra mariw.—Clear yellow, the cirri lighter. 

Florometra laodice—(a) Bright yellow. 

(6) Lemon yellow; the cirri lighter. 

Cyclometra clio—Light yellow banded with white, the cirri white with occa- 
sional narrow bands of yellow. 


Subfamily BATHYMETRINA. 


Hathrometra prolixa.— Arms brownish yellow, pinnules, with the gonads, yel- 


lowish red, disk light brown, cirri white. 
Hathrometra tenella—Dark green dotted with white, the disk grayish, the 


cirri white. 
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Hathrometra sarsii—tLively light grayish brown, with narrow darker bands. 

Trichometra vexator.—Y ellow. 

Trichometra isis —Y ellowish brown, the dorsal surface and cirri lighter. 

Thaumatometra tenuis —(a) Light purplish brown, lighter dorsally; cirri 
nearly white. 

(6) Light yellow brown (young). 


Family PENTAMETROCRINIDZ®. 


Thaumatocrinus borealis——Purplish brown, dorsally nearly white; disk black. 

Pentametrocrinus varians—Dull purplish brown, the dorsal surface and the 
cirri nearly white, the disk black. 

Pentametrocrinus japonicus.—Practically the same as P. varians. 

Pentametrocrinus diomedew.—Not distinguishable from P. japonicus. 

In addition to the definite records given above the colors of a number of un- 
determined comatulids have been recorded. 

Leach in 1815 gave a colored figure of his Alecto horrida. 

Savile-Kent says that the variety of hues exhibited by the Barrier Reef species 
are legion, running through every gradation of tint from pale yellow to rose-pink, 
deep crimson and black, and including every conceivable intermixture of those 
colors. One especially handsome form obtained at Thursday Island had its fern- 
like arms resplendent with shades of old gold and bronze green. He gives two 
colored figures. 

Captain Parfait records sulphur yellow comatulids from latitude 33° 47’ N., 
longitude 11° 23’ E., in 1,635 meters (probabaly Thalassometrine). 

Professor Nutting says that on the “ Pentacrinus grounds” off Habana bright 
yellow comatulids were fairly abundant, and white or nearly white ones were also 
secured. It occurred to him that Lieutenant-Commander Sigsbee may have had 
these in mind when giving the colors of the pentacrinites. 

The same author states that at Barbados the masses of coral rock within which 
he found comatulids were often brilliantly colored by the assemblage of corallines, 
sponges, and gorgonians with which they were overgrown. The predominating 
colors of these were red and yellow, and these were the predominating colors of the 
comatulids also. 

He mentions the following colors as occurring among the comatulids at Bar- 
bados: yellow and white, yellow and red, purple and white, black arms with yel- 
lowish pinnules, rich deep vermillion with bright yellow pinnules, lemon yellow 
with the dorsal surface of the arms black, grayish, violet, crimson, black with 
greenish yellow arms, magenta with dark yellowish arms, and dark gray, almost 
black, with whitish cirr!. The species represented were Vemaster towensis, Nemas- 
ter discoidea, Leptonemaster venustus, Comactinia meridionalis, Analcidometra 
armata, and Coccometra hagenii. 

Speaking of the coloration of the deep-sea animals dredged between Central 
America and the Galipagos Islands, Mr. Alexander Agassiz said that there are a 
number of forms in which yellows prevail, as, for instance, in the comatulids 
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(Florometra) and in Calamocrinus, the yellow in the latter passing to a greenish 
tinge, in the comatulids to a reddish tinge, or even to brilliant red as the principal 
tint. 

Professor Chun records the discovery of a sulphur yellow Pentametrocrinus off 
the coast of Somaliland, in 1,289 meters. 

For purposes of comparison the coloration in life of the stalked crinoids is 
given; but these are not considered in the discussion following. 


Family HOLOPODIDAt. 


Holopus rangii—Whitish. 


Family PENTACRINITIDAE. 


Metacrinus acutus——Grayish green. 

Metacrinus angulatus—Light yellow or light reddish orange, the column al- 
most white. 

Metacrinus cingulatus—Light yellow or light reddish orange, the column al- 
most white. 

Metacrinus costatus—Uniform dusky purple. 

Metacrinus moseleyi—Uniform dusky purple. 

Metacrinus nobilis—(a) Light yellow or light reddish orange, the column al- 
most white. 

(6) Deep sea green, the pinnules slightly lighter, the cirri still lighter and 
more grayish. 
(c) Young examples are nearly white. 

Metacrinus nobilis sumatranus.—Brownish white. 

Metacrinus nodosus.—Uniform dusky purple. 

Metacrinus rotundus.—Sea green, the crown usually brown, often with nearly 
white bands across the arms. 

Metacrinus varians——Uniform dusky purple. 

Metacrinus wyvill#i—Uniform dusky purple. 

Isocrinus decorus—(a) Purple. 

(6) Yellow. 

(c) White. 

Endoxocrinus wyvillethomsoni—(a) Dark green. 

(6) Grass green. 

Endoxocrinus alternicirrus—Slightly brownish white. 

Comastrocrinus asper.—Olive green. 

Hypalocrinus naresianus.—(a) Dark olive green. 

(6) Pink. 

Tsocrinus decorus and Endoxocrinus parre.—Regarding these two species as 
brought up together by the dredge and tangles, Sigsbee wrote that some were white, 
some purple, some yellow; the latter was the color of the smaller and more delicate 
ones. From color notes taken shortly after the animals were placed in alcohol, 
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Rathbun said that the color varies greatly; nearly half the specimens have a tinge 
of green, varying to bluish, this color being sometimes very light, at others dark; 
many specimens were very light purplish, purplish white or yellowish white; light 
shades of brown and gray also occurred, and several varieties of coloring may be 
found on the same specimen; the arm bases and calyx are generally darker than 
the rest of the body, being often of a dark olive color. He remarked that Endowo- 
crinus parre retains more of its natural color in alcohol than /socrinus decorus. 
Professor Nutting found none that were either white or yellow, all being of some 
shade of light brown, usually with a purplish or violet tinge, and sometimes ap- 
proaching a flesh color. 


Family PHRYNOCRINIDA®. 


Phrynocrinus nudus.—Dull greenish yellow. 


Family BOURGUETICRINIDA. 


Bathycrinus pacificus.—Very light yellow. 

Ilycrinus carpenteri—Beautiful straw yellow throughout, the root being a 
little darker than the rest of the column. The crown is, perhaps, a little paler; but 
when the sexual organs contain the sexual products the pinnules are much darker. 

Rhizocrinus lofotensis—(a) Clear grayish brown. 

(0) Clear grayish yellow. 

(c) Whitish gray. 

Democrinus rawsonii.—(a) Whitish. 

(6) Column grayish yellow; arm tips and pinnules lemon yellow. 

A brownish species of Rhizocrinus or Bythocrinus has been mentioned by 
Professor Nutting, and Mr. Alexander Agassiz says that “Rhizocrinus lofotensis” 
(probably a species of Bythocrinus) when alive is brownish chestnut, varying from 
that to a dirty white. 


Family APIOCRINIDA®. 


Proisocrinus ruberrimus.—Brilliant uniform scarlet. 


Family PLICATOCRINID. 


Calamocrinus diomede.—Brilliant lemon yellow, with a greenish tinge on the 
sides of the arms and along the ambulacral grooves. 

Ptilocrinus pinnatus.—Bright yellow. 

Ptilocrinus antarcticus—Bright yellow. 

Gephyrocrinus grimaldii.—Y ellow. 

Thalassocrinus pontifer—Pale sulphur yellow, the lower end of the column 

becoming brownish. 

SUMMARY. 

Among the comatulids we have 213 records of the living colors, of which the 
present author is responsible, directly and indirectly, for 109. These records refer 
to 130 species, and of these the author has handled living specimens of 49. 
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The colors of living crinoids have not only as a rule been recorded under 
conditions preventing an accurate color analysis, but also by observers not trained 
in color work, so that the names of the colors as given are in many cases to be 
regarded as somewhat indefinite. This is especially true in the case of the differen- 
tiation between red and purple, purple and violet, and violet and black. 

As over 100 hues are mentioned, it seems advisable to simplify matters by 
reducing the list to reasonable limits through a combination of the colors as 
recorded under 10 readily differentiated heads, as follows: 

Yellow, including yellowish white, cream, clear yellow, lemon yellow, yellow, 
yellowish, brilliant yellow, light yellow, sulphur yellow, dull yellow, gold, golden 
yellow, canary yellow, ocher yellow, light chrome yellow, chrome yellow, greenish 
yellow, and brownish yellow. 

Orange, including orange yellow, orange, rich orange, cadmium orange, buffy, 
yellowish red, orange red, and rusty red. 

Red, including rose, rose red, flesh pink, red, bright red, vermillion, scarlet, 
deep rose, coarse red, dull red, crimson, dark red, red carmine, purple red, salmon 
red, rich damask, reddish tawny, brown red, and red brown. 

Purple, including reddish purple, deep red purple, purple vinaceous, purple, 
rich purple, purplish gray, grayish purple, dull purple, deep purple, dark purple, 
and maroon. 

Violet, including violet white, violet, red violet, deep violet, dark violet, violet 
brown, and purplish black. 

Black. 

White, including whitish, silvery white, and white. 

Gray, including grayish white, silver, and lavender. 

Green, including yellowish green, grayish green, greenish, bright green, green, 
dull green, dark green, olive green, dull olive green, greenish brown, and greenish 
black. 

Brown, including yellow brown, bright yellow brown, grayish brown, brownish, 
golden brown, light grayish brown, light purplish brown, purplish brown, light 
brown, bright brown, brown, light chocolate, chocolate brown, rich brown, dark 
brown, deep brown, and deep olive brown. 

The following species are entirely yellow: 


Comatella decora. Pterometra magnipeda. 
Comissia hispida. Asterometra macropoda. 
Capillaster mari. Asterometra anthus. 
Comaster fruticosus. Crotalometra porrecta. 
Comaster serrata. Crotalometra flava. 
Comanthina schlegelii. Cosmiometra philippinensis. 
Comanthus annulata. Cosmiometra aster. 
Catoptometra hartlaubi, young. Stenometra diadema. 
Oxymetra aranea. Daiddlometra arachnoides. 
Lamprometra palmata. Daidalometra hana. 


Calometra discoidea. Parametra orion. 
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Aglaometra propinqua. 
Aglaometra eupedata. 
Thalassometra villosa. 
Thalassometra lusitanica. 
Thalassometra omissa. 
Pachylometra levigata. 
Calyptometra lateralis. 
Chlorometra garrettiana. 
Strotometra hepburniana. 
Antedon bifida. 

Antedon mediterranea. 


Pentametrocrinus, 


The following species are entirely brown: 


Capillaster multiradiata. 
Nemaster iowensis. 
Comissia horridus. 
Comanthus annulata. 
Comanthus parvicirra. 
Catoptometra hartlaubi. 
Pontiometra andersont. 
Lamprometra palmata. 
Tropiometra afra. 
Tropiometra picta. 
Pterometra pulcherrima. 
Oceanometra gigantea. 


The following species are entirely purple: 


Comatula rotalaria. 

Comatula purpurea. 

Comanthus parvicirra. 

Stephanometra echanus. 
Stephanometra spicata. 

The following species are entirely red: 
Comatulella brachiolata. 

Heterometra crenulata. 

Zygometra punctata. 

Tropiometra picta. 

The following species are entirely green: 
Comissia peregrina. 

Comissia scitulus. 

Comanthus annulata. 


Antedon adriatica. 
Toxometra paupera. 
Nanometra bowerst. 
Heliometra glacialis. 
Promachocrinus kerguelensis. 
Florometra asperrima. 
Florometra serratissima. 
Florometra perplexa. 
Florometra marie. 
Florometra laodice. 
Trichometra vexator. 


sp. 


Perissometra lata. 
Pecilometra scalaris. 
Antedon mediterranea. 
Antedon adriatica. 
Thysanometra tenelloides. 
Psathyrometra fragilis. 
Trichometra isis. 

T haumatometra tenais. 
Thaumatocrinus borealis. 
Pentametrocrinus varians. 
Pentametrocrinus japonicus. 
Pentametrocrinus diomedee. 


Tropiometra picta. 
Antedon bifida. 
Toxwometra paupera. 
Sarametra triserialis. 
Psathyrometra erythrizon. 


Antedon petasus. 
Antedon bifida. 
Antedon mediterranea. 
Antedon adriatica. 


Comanthus parvicirra. 
Catoptometra ophiura. 
Leptometra celtica. 


Leptometra phalangium. 
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The following species are entirely violet: 


Comatula rotalaria. - Tropiometra picta. 


Timerometra magnipinna. 
Prometra chadwicki. 


The following species are entirely orange: 


Comanthus parvicirra. 
Parametra crassicirra. 


Dorometra nana. 
Promachocrinus kerquelensis. 


Parametra fisheri. 
Antedon bifida. 


Antedon mediterranea. 


The following species are entirely black: 


Comatella nigra. 


Comanthus annulata. 


Heterometra bengalensis. 


The following species is entirely gray: Antedon mediterranea. 
Yellow occurs in combination in the following species: 


Comatella nigra. 
Capillaster clarki. 
Comissia liitkeni. 
Comasier parva. 
Comaster minima. 
Comantheria briareus. 
Comanthus solaster. 
Comanthus annulata. 
Comanthus parvicirra. 
Zygometra punctata. 
Catoptometra magnifica. 
?Catoptometra ophiura. 
Catoptometra rubroflava. 
Heterometra erenulata. 
Heterometra savignit. 
Amphimetra discoidea. 
Homalometra denticulata. 
Dichrometra déderleini. 
Lamprometra protectus. 
Lamprometra palmata. 
Mariametra delicatissima. 


Cenometra delicata. 
Cyllometra albopurpurea. 
Prometra chadwicki. 
Oligometrides adeone. 
Tropiometra picta. 
Neometra conaminis. 
Neometra multicolor. 
Pectinometra flavopurpurea. 
Gephyrometra versicolor. 
Gephyrometra propingua. 
Calometra separata. 
Oceanometra gigantea. 
Daidalometra hana. 
Parametra orion. 
Lissometra alboflava. 
Antedon bifida. 

Antedon adriatica. 
Eumetra chamberlain. 
Dorometra briseis. 
Erythrometra ruber. 
Hathrometra prolixa. 


Heliometra glacialis, 


White occurs in combination in the following species: 


Capillaster multiradiata. 
Capillaster clarki. 
Comantheria briareus. 
Comanthus parvicirra. 


Zygometra microdiscus, young. 


Zygometra pristina. 
Heterometra affinis. 


Heterometra savignii. 
Heterometra crenulata. 
Amphimetra discoidea. 
Lamprometra protectus. 
Lamprometra palmata. 
Cyllometra albopurpurea. 
Oligometrides adeone. 
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Neometra conaminis. 
Neometra gorgonia. 
Neometra multicolor. 
Pectinometra flavopurpurea. 
Gephyrometra propinqua. 
Calometra callista. 
Calometra separata. 
Pterometra pulcherrima. 
Pterometra venusta. 
Daidalometra hana. 
Parametra orion. 


Lissometra alboflava. 
Antedon petasus. 
Antedon bifida. 
Antedon mediterranea. 
Antedon adriatica. 
Tridometra melpomene. 
Dorometra mauritiana. 
Dorometra nana. 
Balanometra elongata. 
Perometra diomedew. 
Erythrometra ruber. 


Hathrometra tenella. 
Purple occurs in combination in the following species: 


Capillaster multiradiata. 
Comanthus solaster. 
Zygometra microdiscus, young. 
Zygometra punctata. 
Heterometra savignii. 
Dichrometra déderleini. 
Lamprometra protectus. 
Lamprometra palmata. 
Mariametra delicatissima. 
Oligometrides adeone. 
Tropiometra picta. 
Neometra gorgonia. 


Neometra multicolor. 
Pectinometra flavopurpureda. 
Calometra callista. 
Gephyrometra propingua. 
Gephyrometra versicolor. 
Calometra separata. 
Ptilometra macronema. 
Tridometra melpomene. 
Eumetra chamberlaini. 
Perometra diomedee. 
Balanometra elongata. 
Heliometra glacialis. 


Red occurs in combination in the following species: 


Comatella nigra. 

Comantheria briareus. 
Comanthus annulata. 
Comanthus parvicirra. 
Zygometra microdiscus, young. 
Catoptometra magnifica. 
?Catoptometra ophiura. 
Catoptometra rubrofiava. 
Heterometra nematodon. 
Heterometra crenulata. 


Lamprometra protectus. 
Oliqometrides adeone. 
Tropiometra picta. 
Gephyrometra propinqua. 
Pterometra pulcherrima. 
Pterometra venusta. 
Ptilometra macronema. 
antedon petasus. 
Antedon bifida. 

Antedon mediterranea. 


Erythrometra ruber. 
Brown occurs in combination in the following species: 


Comaster minima. 
Comaster parvus. 
Comanthus parvicirra. 
Heterometra savignii. 
Amphimetra discoidea. 
Lamprometra protectus. 


Oligometrides adeone. 
Tropiometra picta. 
Oceanometra gigantea. 
Tridometra melpomene. 
Dorometra briseis. 
Heliometra glacialis. 
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Violet occurs in combination in the following species: 


Comatella stelligera. 
Zygometra microdiscus, young. 
Zygometra pristina. 
Heterometra nematodon. 
Heterometra affinis. 
Heterometra crenulata. 


Heterometra savignii. 
Amphimetra discoidea. 
Lamprometra protectus. 
?Lamprometra palmata. 
Cenometra delicata. 
Cyllometra albopurpurea. 


Prometra chadwicki. 
Green occurs in combination in the following species: 


Comatella stelligera. 
Capillaster clark. 
Comissia peregrina. 
Comissia litkent. 
Comantheria briareus. 


Comanthus parvicira. 


Lamprometra protectus. 
Dorometra mauritiana. 
Dorometra nana. 
Hathrometra tenella. 


Orange occurs in combination in the following species: 


Stephanometra spicata. 
Pectinometra flavopurpurea. 
Pterometra pulcherrima. 
Antedon bifida. 


Antedon mediterranea. 


Antedon adriatica. 


Heliometra glacialis. 
Hathrometra prolixa. 


Gray occurs in combination in the following species: 


Fomalometra denticulata. 


Pectinometra flavopurpurea. 
Parametra orion. 

Antedon mediterranea. 
Black occurs in combination in the following species: 


Oligometrides adeone. 
Neometra multicolor. 


Comaster parvus. 
Comantheria briareus. 


Lamprometra protectus, 
Lamprometra palmata. 
Cyllometra albopurpurea. 
In the following species but one color occurs, which, however, is variegated 
with lighter and darker shades: 


Orange: Stephanometra spicata. 


Red: Antedon bifida, Antedon mediterranea, Antedon adriatica. 
Brown: Dorometra briseis, Hathrometra sarsit. 


In the following species two colors occur: 


Yellow and purple: 
Comanthus solaster. 
Zygometra punctata. 
Dichrometra doderleini. 
Lamprometra palmata. 
Cyllometra albopurpurea. 
Yellow and red: 
Comatella nigra. 
Comanthus annulata. 
Catoptometra magnifica. 


Oligometrides adeone. 
Calometra separata. 
Tropiometra picta. 
Eumetra chamberlaini. 
Heliometra glacjalis. 


?Catoptometra ophiura. 
Catoptometra rubroflava. 
Tropiometra picta. 


Erythrometra ruber, 
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White and red: 

Comanthus parvicirra. 
Heterometra crenulata. 
Oligometrides adeone. 


Pterometra venusta. 
Antedon petasus. 
Antedon bifida. 


Antedon mediterranea. 


White and violet: 


Zygometra microdiscus, young. 


Zygometra pristina, 
Heterometra affinis. 


Amphimetra discoidea. 
Lamprometra protectus. 
?Lamprometra palmata. 


Cyllometra albopurpurea. 


White and purple: 
Capillaster multiradiata. 
Heterometra savignit. 
Neometra gorgonia. 


Neometra multicolor. 
Calometra cuallista. 
Perometra diomedee. 


Balanometra elongata. 


White and yellow: 
Neometra conaminis. 
Daidalometra hana. 
Parametra orion. 
Yellow and brown: 
Comaster minima. 
Comanthus parvicirra. 
Amphimetra discoidea. 
Yellow and violet: 
Ileterometra crenulata. 
Heterometra savignit. 
Yellow and gray: 
Homalometra denticulata. 
Neometra multicolor. 
White and brown: 
Heterometra savignit. 


Lissometra albofiava. 
Antedon adriatica. 
Cyclometra clio. 


Tropiometra picta. 


Gephyrometra versicolor. 
Oceanometra gigantea. 


Cenometra delicata. 
Prometra chadwicki. 


Pectinometra flavopurpurea. 
Parametra orion. 


Lamprometra palmata. 


Oligometrides adeone. 


White and green: 
Capillaster clarkt. 
Hathrometra tenella. 
White and black: 


Dorometra mauritiana. 
Dorometra nana. 


Lamprometra protectus, Lamprometra palmata, Cyllometra albopurpurea 


Yellow and black: Comaster parvus, Comantheria briareus. 
Yellow and green: Comissia hiitkeni, Lamprometra protectus. 
Yellow and orange: Antedon bifida, H athrometra proliaa. 
Orange and white: Antedon bifida, Antedon mediterranea. 
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Red and violet: Heterometra nematodon, Heterometra crenulata. 
Red and purple: Ptilometra macronema. 
Red and orange: Antedon bifida. 
Red and gray: Antedon mediterranea. 
Green and violet: Comatella stelligera. 
Green and brown: Comanthus parvicirra. 
Brown and orange: Heliometra glacialis. 
Orange and gray: Antedon mediterranea. 
Gray and white: Oligometrides adeone. 
In the following species three colors occur: 
Yellow, red, and green: Comantheria briareus. 
Yellow, red, and orange: Antedon bifida. 
Yellow, purple, and white: Lamprometra protectus. 
Yellow, purple, and violet: MJariametra delicatissima. 
Red, white, and orange: Pterometra pulcherrima. 
Red, white, and violet: Zygometra microdiscus, young. 
Brown, white, and purple: Jridometra melpomene. 
In the following species four colors occur: 
Yellow, orange, white, and purple: Pectinometra flavopurpurea. 
Yellow, brown, green, and white: Lamprometra protectus. 
Yellow, brown, purple, and white: Lamprometra protectus. 
Red, brown, purple, and white: Lamprometra protectus. 
In the following species five colors occur: 
Yellow, red, brown, purple, and white: Gephyrometra propinqua. 
Thus white occurs in combination with 
yellow, orange, red, purple. violet, black, gray, green, brown. 
Yellow occurs in combination with 
white, orange, red. purple, violet, black, gray, brown, green. 
Orange occurs in combination with 
white, yellow, red, purple, gray, brown. 

Red occurs in combination with 

white, yellow, orange, purple, violet, gray, green, brown. 
Purple occurs in combination with 

white, yellow, orange, red, violet, brown. 


Violet occurs in combination with 
white, yellow, red, purple, green. 


Black occurs in combination with 
white, vellow. 


Gray occurs in combination with 
white, yellow, orange, red. 
Green occurs in combination with 
white, yellow, orange, red, violet, brown. 
And brown occurs in combination with 
white. yellow, orange, purple, green. 
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Expressing the above in different form it appears from the data at hand that, 
while white and yellow occur in all possible combinations, orange does not occur 
with violet, black, or green; red does not occur with black; purple does not occur 
with black, gray, or green; violet does not occur with orange, black, gray, or brown: 
black does not occur with orange, red, purple, violet, gray, green, or brown; gray 
does not occur with purple, violet, black, green, or brown; green does not occur 
with purple, black, or gray; and brown does not occur with red, violet, black, 
or gray. 

It is of course true that this apparent incompatibility of colors is partly due 
to a lack of observations and to a misinterpretation of the colors as recorded, and 
the list must therefore be accepted with considerable reservation. 

In particolored comatulids the distribution of the colors on the arms and pin- 
nules falls into several well-marked types, which may be arranged as follows: 

J. Arms and pinnules uniform in color: 

(a) Arms and pinnules uniform in color, but differing in color from the cirri: 


Lamprometra protectus. Antedon bifida. 
Pectinometra flavopurpurea. Antedon mediterranea. 
Ptilometra macronema. Antedon adriatica. 


(0) Arms and pinnules uniform in color, but the ventral and dorsal surface 
of different colors: 

Comatella nigra. Heterometra nematodon. 

Capillaster multiradiata. Amphimetra discoidea. 

Dichrometra déderleini. 

II. Pinnules of a different color from that of the arms: 

(a) The distal portion of the pinnules (and usually also the arm tips) is of 
a different color from that of the proximal portion and the arms: 


Comaster parvus. Lamprometra protectus. 
Comantheria briareus. Cenometra delicata. 
Comanthus parvicirra. Ovigometrides adeone. 
Zygometra punctata. Pterometra venusta. 


Parametra orion. 
(6) All of the pinnules are of a color different from that of the arms: 


Comissa litkeni. Balanometra elongata. 
Comanthus solaster. Heliometra glacialis. 
Comanthus parvicirra. Erythrometra ruber. 


Hathrometra prolizxa. 
Tit. Arms and pinnules irregularly spotted, mottled, and blotched: 


Zygometra microdiscus, young. Neometra gorgonia. 
Heterometra savignit. Antedon bifida. 
Heterometra crenulata. Antedon mediterranea. 
Lamprometra palmata. Antedon adriatica. 
Cyllometra albopurpurea. Dorometra mauritiana. 
Oligometrides adeone. Porometra nana. 
Tropiometra picta. Eumetra chamberlaini. 
Gephyrometra propinqua. Perometra diomedec. 


Hathrometra tenella. 
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IV. Arms with more or less regular and uniform spots: 
(a) Spots confined to the division series and arm bases: 


Tropiometra picta. Gephyrometra versicolor. 

(6) Numerous small spots generally distributed : 

Capillaster multiradiata. Zygometra microdiscus, young. 
Capillaster clarki. Heterometra crenulata. 
Comantheria briareus. Pterometra pulcherrima. 


Antedon mediterranea. 
V. Arms with a median dorsal stripe: 
(a) A broad median stripe, lighter or darker than the color on either side of it: 


Comantheria briareus. Gephyrometra propinqua. 

Tropiometra picta. Iridometra melpomene. 
Balanometra elongata. 

(6) A narrow median stripe, always very dark: 

Comaster minima, Oligometrides adeone. 

Mariametra delicatissima. 
VI. Arms conspicuously and regularly cross banded: 
(a) With several more or less irregular broad bands: 


Zygometra microdiscus, young. Calometra separata. Dorometra briseis. 
(6) With a broad approximately central band: 

Comatella stelligera. Lamprometra protectus. 
Capillaster multiradiata. Neometra multicolor. 
Stephanometra spicata. Calometra callista. 


Antedon petasus. 
(c) With broad alternating bands of equal width: 


Capillaster multiradiata. Catoptometra magnifica. 
Comantheria briareus. ?Catoptometra ophiura. 
Heterometra savignii. Catoptometra rubroflava. 
(d) With narrow alternating bands of equal width: 

Heterometra crenulata. Neometra multicolor. 
Heterometra affinis. Pectinometra flavopurpurea. 
Homalometra denticulata. Daidalometra hana. 
Lamprometra protectus. Parametra orion. 
?Lamprometra palmata. Lissometra alboflava. 
Cyllometra albopurpurea. Antedon petasus. 
Neometra conaminis. Antedon adriatica. 


Cyclometra clio. 


(e) With narrow well-spaced bands: 
Prometra chadwicki. Hathrometra sarsii. Tropiometra picta. 
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From a cursory examination of preserved specimens it is evident that many 
additional species of which no color notes have been taken can be assigned to one 
or other of the classes given above, and also that specimens of a number of littoral 
species, chiefly belonging to the Stephanometride, occur in which each brachial 
bears a dark transverse band. The coloration of preserved specimens will be dis- 
cussed later. 

As a general rule the coloration of the pinnules follows that of the arms, but 
occasionally an abruptly different type is found: 

I. Pinnules banded on each segment : 

Capillaster clarki. Pectinometra flavopurpurea. 

This color type is found in a number of species as preserved, and in at least 
one case is a good specific character. 

The cirri are usually unicolor, less commonly dull at the base, becoming grad- 
ually or abruptly brighter distally, and rarely show distinctive color types; when 
this occurs the color types are usually a reflection of the color types of the division 
series and arm bases, very rarely distinctive (Type I). 

Particolored cirri, except those which are merely brighter distally, as in the 
ease of the cirri of most of the species of Thalassometrine, fall into the follow- 
ing classes: 

I. Each cirrus segment with a transverse band: 

Zygometra microdiscus, young. Heterometra nematodon. 

Zygometra punctata. Neometra multicolor. 

Calometra separata. 
II. Cirri unicolor, but of a color not found in the calyx or arms: 
Zygometra pristina. Ptilometra macronema. 


Lamprometra protectus. Oceanometra gigantea. 
Antedon petasus. 


III. Cirri blotched or spotted: 
(a) Cirri with irregular blotches or irregular bands: 


Comissia peregrina. Calometra separata. 
Comissia litkent. Daidalometra hana. 
Pectinometra flavopurpurea. Eumetra chamberlaini. 
Neometra conaminis. Perometra diomedee. 


Cyclometra clio. 

(6) Cirri with small spots: Pterometru pulcherrima. 

IV. Cirri longitudinally striped: 

Lamprometra protectus. Heliometra glacialis. 

Longitudinal striping is characteristic of the cirri of a number of species of 
which no color notes have been taken. 

The very young pentacrinoid is semiopaque, white or whitish, with the reddish 
brown visceral mass obscurely visible through the body wall. The first color to be 
assumed is usually yellowish white or yellow, and in Antedon bifida as the animal 
increases in size the body and the proximal portion of the arms gradually assume 
the characteristic red of the adults, while the distal portion of the arms remains 
sulphur yellow. 
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This suggests that in Antedon we have a definite sequence of colors, from 
white through yellow to red, and later to reddish purple and purple, or to reddish 
brown and brown. But in certain other genera we find no such definite sequence 
of colors indicated; the very young apparently may develop almost any color 
directly from the white without passing through an intermediate hue. 

This naturally suggests that it would be interesting to trace, so far as is 
possible, the development of one color from another, and thus to ‘determine their 
relative ontogenetical and phylogenetical significance. 

The regional distribution of the colors on the body of the adults offers a basis 
for such a study. 

It is noticeable in the comatulids that the tips of the arms and of the outer 
pinnules, and the cirri, are usually less highly colored than the remaining portions 
of the animal, resembling in this respect regenerating arms. 

It is reasonable to suppose that the color of the growing tip of the arm, which 
subsequently changes to the color of the earlier portion, represents a color phase 
through which the latter normally passes; in other words, that the general color 
of the animal is evolved through the color of the arm tips and of the tips of the 
distal pinnules. 

The cirri are organs of very slow growth, and in unicolor species it is quite 
evident that the pigment develops much more slowly in the cirri than elsewhere. 
It is possible to assume, therefore, that the color of the cirri represents a stage 
through which the general color of the animal has passed; also it is possible to 
suppose that in the numerous cirri in which the outer portion is differently colored 
from the basal part the color of the latter, which is more highly developed, was 
derived through that of the former. 

From the records given we deduce the following: 

White arm and pinnule tips occur with the following colors: 


Red (2 cases). Purple (1 case). 
White cirri occur with the following colors: 
Yellow (8 cases). Purple (8 cases). Orange (1 case). 
Brown (5 cases). ~ Red (2 cases). Violet (1 case). 


Green (1 case). 
Yellow arm and pinnule tips occur with the following colors: 

Purple (3 cases). Black (1 case). Red (1 case). 
Green (2 cases). Brown (1 case). Gray (1 case). 
Violet (1 case). 

Yellow cirri occur with the following colors: 
Darker yellow (6 cases). Orange (1 case). Gray (1 case). 
Purple (2 cases). Green (1 case). Brown (1 case). 
Orange arm and pinnule tips occur with the following color: 
Brown (1 case). 


Orange cirri occur with the following color combination: 
Red and yellow (1 case). 


Red arm and pinnule tips occur with the following colors: 
Yellow (1 case). Purple (1 case). Violet (1 case). Green (1 case). 
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Red cirri occur with the following color: 
Purple (2 cases). 
Green arm and pinnule tips occur with the following color: 
Brown (2 cases). 
Brown cirri occur with the following color: 
Violet (1 case). 
Yellow distal cirrus segments occur on basal segments which are 
Purple, green, brown. 
This gives us the following data: 
Yellow is developed from (1) white in 8 cases; 
(2) lighter yellow in 6 cases; 
(3) red in 1 case. 
Orange is developed from (1) white in 1 case; 
(2) yellow in 1 case. 
Red is developed from (1) white in 4 cases; 
(2) yellow in 1 case. 
Purple is developed from (1) yellow in 6 cases; 
(2) white in 4 cases; 
(3) red in 3 cases. 
Violet is developed from (1) white in 1 case; 
(2) yellow in 1 case; 
(3) red in 1 case; 
(4) brown in 1 case. 
Black is developed from (1) yellow in 1 case. 
Gray is developed from (1) yellow in 2 cases. 
Green is developed from (1) yellow in 4 cases; 
(2) brown in 2 cases; 
(3) white in 1 case; 
(4) red in 1 case. 
Brown is developed from (1) white in 5 cases; 
(2) yellow in 3 cases; 
(3) orange in 1 case. 
Or, expressed in the form of a table with the primary colors in columns and 
the derived colors listed vertically: 


l 
Yellow. | Red. Brown. | Orange. 
| | 


White. 
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This would seem to indicate that all colors except gray and black may arise 
directly from white; and that yellow, red, and brown usually arise directly from 
white, while violet arises as often from white as from any other color. 

All colors may develop (‘secondarily through white) from yellow; gray and 
black arise only from yellow; and purple and green arise more frequently from 
yellow than from any other color. 

Red frequently develops (?from white through yellow) into purple, and occa- 
sionally into yellow, violet, and green. 

Brown develops into green and, less frequently, into violet. 

Orange develops into brown. 

It is worthy of mention that in Catoptometra rubroflava the cirri are 
orange—a color intermediate between the bright red and bright yellow of the arm 
bands. 

The relative frequency of the different colors is shown in the following table: 

Yellow occurs in a total of 88 species; alone in 45; combined in 48. 
White occurs in a total of 37 species; alone in 0; combined in 37. 
Brown occurs in a total of 36 species; alone in 24; combined in 12. 
Purple occurs in a total of 34 species; alone in 10; combined in 24. 
Red occurs in a total of 20 species; alone in 8; combined in 21. 
Violet occurs in a total of 19 species; alone in 6; combined in 13. 
Green occurs in a total of 17 species; alone in 7; combined in 10. 
Orange occurs in a total of 18 species; alone in 5; combined in 8. 
Black occurs in a total of 8 species; alone in 3; combined in 5. 
Gray occurs in a total of 7 species; alone in 1; combined in 6. 

At a depth of 55 fathoms in the sea the relative proportion of the red rays 
is considerably diminished, and at 300 fathoms they have almost completely dis- 
appeared. In a discussion of colors, color combinations, and color types and their 
relation to depth, therefore, it would seem that bathymetric divisions of 0-55 
fathoms, 55-300 fathoms, 300-600 fathoms, and 600 fathoms and over would be 
as satisfactory as any. : 

The bathymetrical distribution of the colors and color types is made clear in 
the following table: 
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From this table it is evident that all colors occur in the littoral zone. 

Black does not occur below 55 fathoms. 

Red, violet, gray, and white do not occur below 300 fathoms. 

Purple, green, and orange do not occur below 600 fathoms. 

Yellow and brown occur at all depths. 

Yellow and brown are relatively much more frequent below 300 fathoms 
than above. 

Purple, green, orange, gray, and white occur in about the same relative pro- 
portions down to 300 fathoms, at that point decreasing abruptly or disappearing 
altogether. 

Red, violet, and black decrease abruptly below 55 fathoms. 

No colors are more frequent between 55 and 300 fathoms than elsewhere. 

The proportion of uniformly colored species increases markedly with depth, 
while the corresponding decrease in variegated species is even more abrupt. 

All of the color types given occur only above 300 fathoms. 

The median dorsal stripe is most common between 55 and 300 fathoms. 

Distinctively colored pinnules and regular crossbands occur in about the same 
proportion down to 300 fathoms. 

Distinetively colored cirri and irregular spotting or mottling are much more 
common above 55 fathoms than below. 

Regular spotting occurs only above 55 fathoms. 

No one color or combination of colors is of any definite systematic significance. 

Green, however, is the distinctive color of many, most, or all specimens of a 
number of species scattered in widely different groups. These are: 
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Comissia scitulus. Dorometra mauritiana. 

Comaster serrata. Dorometra nana (most individuals). 
Comanthus annulata (many). Leptometra celtica. 

Catoptometra ophiura (most). Leptometra phalangium. 
Lamprometra protectus (many). Hathrometra tenella. 


Omitting these sporadic green species, we find yellow, deepening to brown, 
more rarely tending toward orange, often associated with white or nearly white 
cirri, to be characteristic of the following groups: 


Antillean Capillasterine. Heliometrine (except individuals of two 
Thalassometrine (with few exceptions). species). 
Charitometride. Bathymetrine. 
Thysanometrine. Pentametrocrinide. 
Red, deepening to purple and brown, is characteristic of the following group: 
Comactiniine. 


Purple or purplish brown, with white cirri, is, except for the genus Lepto- 
metra, characteristic of the Zenometrine. 

Mixed (either in the individual or in the species) yellow, red, purple, violet, 
white, and brown are characteristic of the following: 

Zygometra. Ptilometrine. 

Tropiometride. Perometrine. 

Red (deepening to purple) and yellow (deepening to orange), with brown, 
gray, and white, are characteristic of 

Antedon. 
Red and yellow characterize most of the specimens of the species of 
Catoptometra. 
Purple, white, brown, yellow, green. and black characterize, except for the 
genus Antedon, the 
Antedonine. 
Purple and yellow, deepening to orange and red, 
Stephanomtride. 

White, gray, yellow, orange, brown, and purple, 

Calometride, Homalometra. 

Eight or nine colors in all conceivable combinations: 

Capillasterine (except West Indian). Himerometride. 

Comasterine. Mariametride. 

Colobometride (except West Indian). 

Whereas the development of color in the crinoids seems to have a more or less 
definite relation to illumination, it appears to have no relation whatever to the 
temperature of the water in which the crinoids live. 

From the warm water of the tropical littoral the various colors range down- 
ward, as follows: 

Yellow to 28.7° F. White to 37.5° F. Red to 40.6° F. Gray to 48.3° F. 
Violet to 28.7° F. Black to 37.5° F. Orange to 40.6° F. 
Brown to 32.8° F. Green to 40.3° F. Purple to 43.0° F. 

142140—21—Bull. 82——. 49 
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The various color types are almost entirely confined to water of high or inter- 
mediate temperature. But this is undoubtedly due to the fact that the crinoids 
of the colder parts of the oceans belong to groups in which color patterns are not 
developed even in their tropical representatives. 

This supposition is emphasized by the occurrence of several well-marked and 
beautiful colors types in the species of the genus Antedon, which are quite as well 
developed in the Scandinavian species as in those inhabiting the shores of north- 
western Africa and the Mediterranean. 

Antedon belongs to the subfamily Antedoninex, which otherwise is confined to 
the Indo-Pacific region; and in its migration to the Atlantic basin it appears to 
have retained undiminished the group character of diversified coloration. 

Geographically the maximum development of color diversity appears to be in 
the Malayan and north Australian region, and thence westward to Ceylon; but 
it is here also that the maximum development of littoral types is found. The whole 
littoral and intermediate fauna from east Africa to Oceania and southern Japan is 
notable for the diversity in the coloration of the endemic forms. 

On the other hand, throughout the vast extent of the east and north Pacific 
we find the minimum diversity of crinoid coloration; all of the comatulids are uni- 
color, most of them yellow, becoming yellow brown, a few purplish brown; all of 
the stalked forms are yellow. 

The crinoids of the Caribbean Sea, as known to-day, are much less highly 
colored than those of the Indo-Pacific region, and this holds good for stalked 
as well as for unstalked types. But here the groups which furnish the majority 
of the most variegated species, both of the littoral and of the intermediate fauna, 
in the Indo-Pacific, the Comasterine, Zygometride, Himerometride, Stephano- 
metride, Mariametride, Colobometride (except for the genus Analcidometra). 
Calometrid, Ptilometrine, and Antedonine (except for a single species of Ante- 
don) are absent. The only littoral types are Antedon diibenti, Tropiometra picta, 
which has a rather limited range and a fairly constant scheme of coloration, species 
of Nemaster which, so far as we know, are always uniform brown, and species 
of Comactinia which, as in the case of its eastern representatives, are practically 
unicolor, 

In the remaining portions of the Atlantic (outside of the region of the Cape 
of Good Hope, where the Indo-Pacific fauna intrudes for a short distance) we 
note especially the presence of the highly colored species of Antedon, which range 
collectively from Rio de Janeiro to St. Thomas and from the Gulf of Guinea to 
Norway, including the Mediterranean basin; of the green species of Leptometra, 
which range from Madeira to Scotland, including the Mediterranean basin; and 
the small green or gray species of Hathrometra, which range from Chesapeake 
Bay and Portugal northward. 

The coloring matter of crinoids is freely soluble in fresh water and in alcohol. 
It is possible to keep certain species for some time in water fresh enough to dis- 
solve out a considerable amount of pigment without apparent injury, while many 
can be partially decolorized in a stream of fresh water while still alive. 
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The solution given off in alcohol is often quite different in color from the 
animal itself. Thus the dark green Endoxocrinus wyvillethomsoni gives off a pink 
color, and the golden brown Nemaster iowensis a dark green color. A further dis- 
cussion of these phenomena will be given in the section dealing with the coloring 
matter. 

As a general rule comatulids preserved in alcohol, no matter what their original 
colors may have been, become brown, usually a yellowish, more rarely a purplish, 
reddish, or greenish brown, later slowly fading out to grayish white. ‘The bands 
and spots often persist for some time, though with entirely changed color values, 
but they eventually disappear. 

The color transformation undergone by specimens in alcohol is sometimes 
very striking. As instances I may mention that one of the most brilliant species 
with which I am acquainted in life, Catoptometra rubroflawa, banded bright red 
and bright yellow, becomes a uniform reddish brown; the species of Antedon be- 
come uniform yellowish brown; and a brown and yellow specimen of Amphimetra 
discoidea became purplish brown and grayish white. 

On account of the wonderful diversity of the colors in life and of the alto- 
gether extraordinary alteration of the colors by preservation, the greatest care is 
necessary in identifying living specimens, especially from descriptions based on 
preserved material, for the color may or may not be a good specific index; it usually 
is not. Several supposed species have been based upon’ color differences which 
would have remained undescribed had the specimens been allowed to fade before 
determination. 

The color, and especially the color markings, of specimens in alcohol, which 
may or may not bear a definite relationship to the living colors, are always worth 
recording, for, strange as it may seem, they sometimes furnish an index of relation- 
ship more reliable than any which may be deduced from the far more diversified 
living colors. 

From the evidence at hand the following conclusions seem justified: 

1. White, which is the original color of the pentacrinoid young and occurs 
frequently in the adults, denotes the more or less complete absence of pigment. 

_ 2. (a) Yellow is the color of practically all of the more primitive forms, and 
of many of the more specialized, throughout life, and with very few exceptions 
(occurring in the brilliantly illuminated littoral), of small specimens and of 
advanced pentacrinoids. 

(6) Orange or red, in reality an intensification of the yellow, is the color of a 
few primitive forms, and of nearly al] the young which are not yellow. 

3. After the full size has been reached a dusky factor makes its appearance 
which may be generally diffused or more or less localized, and deepens, alters, or 
obscures the original colors. 

Apparently a careful distinction must be made between the greenish cast of 
such types as PArynocrinus and Calamocrinus and the clear greenish yellow and 
green of the shallow-water species, and the “dusky purple” of certain pentacrinites 
and the brilliant purples and violets seen in littoral types. 
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The greenish tinge in Phrynocrinus and Calamocrinus seems to result from 
the dusky age factor as seen through the normal brilliant yellow, while the “ dusky 
purple” is possibly the age factor as modified by semiopaque white, and therefore 
comparable to the dusky purple spots seen in the eggs of such birds as the Tyran- 
nide and Laride. 

4. Illumination of the habitat results in 

(a) An intensification of the natural colors and the very early appearance of 
the dusky age factor. 

The original color may be uniformly intensified, or the intensification may be 
more or less localized, resulting in the formation of blotches, spots, or bands. 

Individuals from dark muddy bottoms or from deep holes or other shaded 
situations are much lighter and less diversified in color than individuals of the 
same species from bottoms of broken shells, coral reefs, or other brilliantly illumi- 
nated locations. On coral reefs it has been noticed also that even very small 
specimens are often very dark in color. 

(>) The appearance of a blue factor, resulting in the formation of bright 
greens, purples, and violet, which may deepen to black. 

All the ecrinoids living below the limit of light penetration exhibit the basic 
colors, white, yellow, orange, or red only, which, though they may become more 
intense toward the calyx and arm bases, are never otherwise diversified. Each 
of these colors, however, may be modified by the dusky age factor, resulting in 
“dusky purple,” greenish or brownish yellow, brown, orange brown, crimson, or 
red brown. The blue factor is absent from these species, but in the group as a 
whole it gradually increases from the limit of light penetration to the surface, 
causing the appearance of greens, purples, and violets of increasing intensity. 

The development of color in the crinoids may be represented by the follow- 
ing scheme: 
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5. Temperature plays no part in the development of color in the crinoids. 
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MONOGRAPH OF THE EXISTING CRINOIDS, 
PIGMENT. 


While on the Challenger in the East Indian region Prof. H. N. Moseley investi- 
gated the coloring matter of a number of comatulids and several pentacrinites. 
His facilities were necessarily limited, but he secured some very interesting results 
and was the first to demonstrate antedonin and pentacrinin. The value of his 
work was unfortunately somewhat lessened by the absence of definite identifications 
of the species he studied. 

Some years later Krukenberg, in the course of his investigations at Trieste 
into the coloring matter of various marine invertebrates, made a detailed study of 
that of Antedon adriatica; and in 1890 Dr. C. A. MacMunn published the results 
of numerous careful observations on such comatulid pigments as he was able to 
secure, including that of Antedon bifida. 

From spectroscopic observations made during the voyage of the Challenger 
Professor Moseley determined the existence of three different pigments in the 
recent crinoids which he called purple pentacrinin, red pentacrinin, and antedonin. 

Purple pentacrinin.—Spectroscopic observations were made on the pigment of 
the species listed below from the localities given: 

Off the Kermadec Islands, 630 and 650 fathoms: Hypalocrinus naresianus, 
Metacrinus nodosus, Metacrinus wyvilliz. 

Off the Kei Islands, 126 fathoms: Metacrinus angulatus, Metacrinus cingulatus, 
?Metacrinus murrayi, Metacrinus nobilis, Metacrinus tuberosus. 

Off Cebu, Philippines, 100 fathoms.* 

Between Panglao and Siquijor, Philippines, 375 fathoms; ?ndowocrinus 
alternicirrus, ?Hypalocrinus naresianus, ?Metacrinus murrayi. 

Off the Meangis Islands, 500 fathoms: Endowxocrinus alternicirrus, Hypalo- 
crinus naresianus, Metacrinus costatus, Metacrinus moseleyi, ?Metacrinus murrayi, 
Metacrinus varians, Metacrinus wyvillii. 

Professor Moseley found that the majority of the specimens yielded a coloring 
matter which is extremely well defined by characteristic absorption spectra, and 
which he called pentacrinin. 

When fresh the coloring matter is freely soluble in slightly acidified alcohol. 
and gives a solution which is of an intense pink color when viewed by transmitted 
light. 

The solution when moderately intense gives a spectrum consisting of three 
bands. One of these, intensely black with sharply defined margins, covers the D 
line, extending for a very short distance beyond the more refrangible side of that 
line, and for a greater distance on its other side toward the red, as was observed 
by viewing the spectrum with the bright sodium line in the field ; the second, situated 
between D and E, is most intense on its least refrangible border, and shades off to- 
ward the violet; the third band is a broad dim one stretching from } to F. Very 
little of the red end of the spectrum is cut off. The whole of the violet is absorbed. 





1In the Challenger report P. H. Carpenter does not mention the station off Cebu, and he questions the 
correctness of the locality of all three species said to have been obtained off Panglao and Siquijor. Some or 
all of them may have come from off Cebu. as none of the specimens had definite locality labels when they 
reached Carpenter's hands. 
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In very intense solutions the absorption at the violet end spreads up to 6 and 
unites with the third band, so that the light is entirely cut off up to 6, where there 
is a defined dark edge; the second band is intensified and becomes black; the first 
band is black as before, but a paler band is added to it in continuation on its red 
side. 

In more intense solutions the two principal bands broaden out and almost run 
together, being separated by a narrow interval of yellow. 

The two principal bands coincide very nearly with those of turacin,! the only 
difference being that the least refrangible band in turacin extends a little farther 
to the green side of D than does that of pentacrinin. 

When the acid-alcohol solution is rendered alkaline by the addition of ammonia 
the solution becomes of a bluish-green color, which shows a slight red fluorescence 
on the concentration of sunlight in it. The spectrum is also changed. An intensely 
black band now occupies a space on the less refrangible side of B; on the red side 
of D is a broad pale band, while the third band between 6 and F remains as 
before, excepting that it is intensified for rather more than half its breadth on its 
violet side. In very weak solutions the first and third bands remain visible after 
the middle one is lost. 

The solution can be rendered acid or alkaline any number of times with corre- 
sponding changes in color and spectrum. By careful addition of ammonia in small 
quantities to the acid solution in a tall vessel one part of the solution can be ob- 
tained green, while the remainder is still red. Thus the passage of one spectrum 
into the other may be seen at the junction of the two solutions. As the least re- 
frangible band of the acid spectrum fades it takes the form of a fine black line to 
the red side of D with a fainter margin extending just over D toward the green. 
As the ammoniacal portion of the solution is approached a dark broad band is 
seen to extend gradually toward the red from the least refrangible acid band up to 
the position of the least refrangible margin of the dark alkaline band in the ex- 
treme red. The least refrangible margin of the broad band darkens as the least 
refrangible acid band fades from view, and at length assumes the full intensity 
of the least refrangible alkaline band. 

In a very strong solution or with weak transmitted light the broad band ap- 
pears to extend the entire distance from the alkaline band in the extreme red to D, 
while the entire violet and blue end of the spectrum is absorbed continuously as 
far as 6. 

By very careful neutralization of the solution a green fluid can be obtained 
which yields both acid and alkaline spectra showing four bands. In it the ex- 
treme red band of the alkaline solution and the intense band in the region of D 
of the acid solution are seen of equal intensity, while the second band of the acid 
spectrum is very faint. In the exactly neutral solution yielding four bands acid 
and alkaline pentacrinin appear to coexist. 





1Turacin is the red or crimson coloring matter in the feathers of certain of the Musophagide or 
plantain-eaters, a group of African birds. In solution it gives two absorption bands like those of oxyhemo- 
globin. It is said to contain about 6 per cent of copper which can not be isolated without destroying the 
pigment. Turacin is said to wash out of the feathers readily during the rainy season, and also when the 
birds bathe. 
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The acid solution of pentacrinin when slowly evaporated and concentrated 
yields a precipitate, which, when collected and dried, appears as a dark violet 
amorphous powder. This substance, viewed by transmitted light as adhering to 
the filter paper and rendered transparent with glycerin, yields the same spectrum 
as the acid solution. The dried coloring matter is very sparingly soluble in abso- 
ulte alcohol, but freely soluble in this on the addition of a few drops of hydro- 
chloric acid. It is not soluble in dilute hydrochloric acid alone, requiring the 
addition of alcohol to show the spectrum. 

The fresh coloring matter is soluble in fresh water, but remains partly sus- 
pended, forming a slightly opaque dark purple solution, which gives, when quite 
fresh, a mixed acid and alkaline spectrum. When the aqueous solution is acidified 
the coloring matter becomes entirely dissolved and the fluid becomes clear and 
transparent and of a beautiful pink, yielding the same spectrum as the acidified 
alcoholic solution. When the intense watery solution is rendered alkaline a green 
flocculent precipitate is formed, and in a very intense solution the two outer bands, 
the most refrangible and the least refrangible, are lost, being encroached upon and 
included in the general absorption of the ends of the spectrum. 

All the specimens obtained off the Kermadec Islands (representing Hypalo- 
erinus naresianus, Metacrinus nodosus, and M. wyvillii) were of a uniform dusky 
purple when brought to the surface, being evidently colored by acid pentacrinin. 

The specimens secured off the Meangis Islands represented seven species 
(Endoxocrinus alternicirrus, Hypalocrinus naresianus, Metacrinus costatus, M. 
moseleyi, ?M. murrayi, M. varians, and M. wyvillii). Of these, three (Metacrinus 
costatus, M. varians, and M. wyvillii) were similarly colored uniform dusky purple, 
one being especially dark, while one (/ypalocrinus naresxanus) was of a light 
pinkish red and did not contain purple pentacrinin at all. 

The specimens dredged off the Kei Islands (representing Metacrinus angulatus, 
M. cingulatus, ?M. murrayi, M. nobilis, and M. tuberosus) when fresh had their 
stems almost white and their crowns light yellow or light reddish orange, showing 
no purple coloration at all. 

Those obtained off Panglao and Siquijor (?Hndowocrinus alternicirrus, 
?Hypalocrinus naresianus, and ?Metacrinus murray?) were almost colorless; never- 
theless, when placed in alcohol they yielded a solution which was deeply colored 
sap green and which, when acidified, became of the usual deep pink of pentacrinin. 
Thus in these examples the pentacrinin, though present in great abundance, was 
entirely masked. 

It is possible that these specimens would have shown an alkaline reaction in 
the fresh condition. Unfortunately the test was not made. The pentacrinin would 
be far less visible in the green alkaline condition. 

Red pentacrinin—H y palocrinus naresianus gave a simple light red solution in 
absolute alcohol. This solution, when very intense, absorbed all the spectrum 
except a band of light between E and B. When the solution was weaker it showed 
a single broad band in the region of E, 4, and F, with some absorption of the ends 
of the spectrum. Addition of ammonia reduced the brightness of the color of the 
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solution, and when added in quantity caused the absorption band to disappear. It 
did not render the solution at all green. 

Antedonin.—Moseley notes that the various species of comatulids appear to be 
usually either of a rose color or of an orange or yellow, running into a yellow brown, 
or of a dark purple. Both the rose or red and the yellow coloring matters are freely 
soluble in alcohol, and usually in fresh water. 

The colored solutions obtained from a large number of such species dredged 
by the Challenger were examined, but none of them yielded a characteristic absorp- 
tion spectrum showing bands. The European species have similarly been found to 
yield a coloring matter free from bands. In the case of Antedon all the spectrum 
but the red is absorbed. Moseley found a purple species occurring at Suez (Tropio- 
metra audouint) to yield a similar spectrum. 

By dredging in from 8 to 12 fathoms in the channel between Somerset and 
Albany Island at Cape York, Queensland, a comatulid (probably Comatula 
rotalaria) was obtained in abundance which was of a dark purple color. The color- 
ing matter was insoluble in glycerine, soluble to a large extent in fresh water, and 
abundantly soluble in weak spirits, and gives an intense fuchsin-colored solution. 
This, when compared with that obtained from a deep-sea holothurian found to con- 
tain the same coloring matter, is seen to be much redder, but it becomes pinker on 
dilution with alcohol, and at last quite pink and indistinguishable to the naked eye 
from that of the holothurian. 

The solution when of moderate strength gives a spectrum consisting of three 
well-defined absorption bands. On using a very weak solution and gradually 
strengthening it the least refrangible band, being the most intense, appears first, 
and is visible in solutions which appear very slightly tinted indeed to the unassisted 
eye. The other two bands appear together. The middle band is at first darkest 
about E. The most refrangible band, which is much less dark than the middle one, 
is of uniform intensity. Neither the red nor the violet ends of the spectrum are 
much absorbed. 

When the solution is very strong all three bands become intense; the violet 
disappears and all the light, except the red and yellow, becomes very faint. The 
bands remain as before, except that the middle band now appears of uniform 
intensity throughout. When the solution is rendered stronger still the least 
refrangible band extends gradually up toward D, and the whole of the spectrum 
becomes absorbed except a band of light consisting of red with a little yellow. 

On the addition of hydrochloric acid to the alcoholic solution the color changes 
to an orange, and the spectrum now consists of two bands, one lying to the red side 
of E, the other to the violet side of 6 and extending to F. These bands are in weak 
solutions separated by an interval of light. In very intense solutions the bands are 
joined by the absorption at the violet end of the spectrum, and the spectrum consists 
of a simple band of red, yellow, and green light. In solutions of intermediate 
strength the two bands are connected by a clouding interrupted by brighter streaks, 
while the more refrangible band is dark just about the region of F, and has its 
main darkest mass separated from this dark narrow streak at F by a lighter 
interval. 
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On the alcoholic solution being rendered alkaline by the addition of ammonia, 
it changes its color to a deep violet, and a flocculent purple precipitate is formed 
in it, which can readily be separated by filtration. The precipitate when dried 
appears as a violet amorphous powder which is insoluble in alcohol and oil of 
cloves, and can thus be rendered transparent and mounted in Canada balsam as 
adhering to the filter paper. This precipitate when dried yields the same spectrum 
as it does when suspended in solution, consisting of two bands. 

The dried precipitate is insoluble in water, ether, and alcohol, but soluble in 
acidified alcohol, and then gives the original acid spectrum, and when this solution 
is carefully neutralized the original three-banded spectrum returns; but Moseley 
obtained it only faintly. Though a very large quantity of precipitate was removed 
by ammonia from a strong and original alcoholic solution, the solution still 
remained of a vivid color and gave its three bands. It was only after continuous 
addition of ammonia that the whole of the coloring matter was precipitated. 

The coloring matter appears to require a proportionately increased quantity 
of ammonia to precipitate it as the solution becomes weaker. Both the dried color- 
ing matter and the alcoholic solution have maintained their color and properties 
unimpaired after a lapse of two years. 

Both pentacrinin and antedonin seem to be widely diffused in immense quanti- 
ties throughout the tissues of the crinoids in which they occur. 

Dr. C. A. MacMunn studied the coloring matter of a few species of comatulids. 
In particular Antedon bifida was examined, in order to settle the question of the 
presence of symbiotic alge in the sacculi, this interpretation of these organs having 
been advanced by Vogt and Yung and vigorously denied by P. H. Carpenter and 
by Bury on histological grounds. 

MacMunn says that the “ pyriform oil cells” of Thomson, which were supposed 
to be migrating ameboid spores of symbiotic alge by Vogt and Yung, were easily 
seen by him, but that they are totally different in shape and structure from any 
symbiotic alge which he has seen. They appear to him to be outgrowths from the 
surface of the pinnules, the flask-shaped ones being attached by the part repre- 
senting the neck of the flask. Some which he measured varied in size from about 
10 w to 5 p in their Jong diameter, and from 6.25 » to 5 p in their short diameter. 
They are mostly homogeneous and yellowish green in color; some seemed to have 
granular contents, but these were of exceptional occurrence. MacMunn failed to 
find either starch or cellulose in these pyriform bodies. 

Glycerine, water, and alcohol readily extracted the red coloring matter, but ether 
failed to do so, as it only became faintly yellow. The glycerine extract was a fine 
rose color. Spectroscopically a deep layer transmitted red and a little green, and 
in a shallow layer an ill-defined shading occupied the other half of the green. 
Ammonium sulphide discharged the color, leaving a faint yellowish tint, but no 
absorption bands were visible. Hydrochloric acid changed the color to pale yel- 
low, the solution showing no bands, and ammonia changed it to a faint rose tint. 

The aqueous solution gave the same kind of absorption as the glycerine solu- 
tion, and showed in a thin layer only a faint shadow in the green. Ammonium 
sulphide discharged the color of such a solution, leaving only a faint reddish- 
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yellow tint, and no bands appeared. Hydrochloric acid, as well as acetic acid, also 
destroyed the color of this solution. 

The absolute alcohol solution was of a fine rose color; a deep layer transmitted 
the red rays and a little of the green, but in the deepest layers there was not a 
trace of a chlorophyll band in the red. A shallower depth showed an ill-defined 
shading in the green, best marked toward its blue end. Ammonia discharged most 
of the color, leaving a faint reddish tint and some ill-defined shading at the blue 
end of the green. Hydrochloric acid destroyed the red color, changing it to yellow, 
and the solution now showed no bands. 

The ether solution did not show a trace of a chlorophyll band in the red; 
it was of a pale yellow tint, and in a thin layer a faint, ill-defined band was seen 
at the blue end on the green. On evaporation it left a yellow residue, which be- 
came a transient dirty green with sulphuric acid, and became more yellow with 
iodine in potassic iodide. 

Therefore it would appear that the ether removed a yellow lipochrome and 
left the rose-red pigment untouched, 

So far, then, it may be concluded that the intrinsic coloring matter of Antedon 
bifida is not identical with Moseley’s antedonin, which will be described for pur- 
poses of comparison farther on, and that no chlorophyll is present. The absence 
of symbiotic alge, threfore, may be safely inferred. 

Krukenberg had previously examined the pigment of Antedon adriatica, and 
had referred to a band in the red evidently belonging to chlorophyll. He called 
the red pigment comatulin, and noticed that it, as well as the pigment of yellow 
and brown specimens, is soluble in sea water and in diluted alcohol, but insoluble 
in glycerine, ether, chloroform, benzol, carbon disulphide, turpentine, and almond 
oil, only going over into these solvents when water is present. 

MacMunn remarks that it would appear that Krukenberg did not take the 
precaution of removing the contents of the stomach, which, when squeezed out, show 
the dominant and other chlorophyll bands well marked. He did not dry his speci- 
mens completely, which may account for the discrepancy in his results as compared 
with those of Krukenberg. 

According to Krukenberg the red, brown, and yellow pigments from corre- 
spondingly colored specimens of comatulids are all related to each other, and none 
of them yield absorption bands. He states that an extract of red comatulin be- 
comes more yellowish by dilution, while an extract of yellow comatulin becomes 
more red by concentration. If a slightly purplish red solution of comatulin in 
dilute alcohol be evaporated on a water bath and the residue be exposed to the 
light, the cherry red color changes first into an insignificant brownish yellow, 
and this behaves exactly like the pigment obtained from brownish yellow species; 
later it gets lighter in color until finally it becomes bleached. 

Diluted aqueous solutions of comatulin also undergo a similar change, but alco- 
holic solutions are more stable. 

He also says that aqueous and alcoholic solutions are changed to orange or 
brownish yellow by hydrochloric and acetic acids, and that the coloring matter 
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separates; also that alkalies such as potash or ammonia precipitate the pigment 
with unchanged color. 

?Ptilometra miilleri—An alcoholic solution of the coloring matter of what 
was probably this species was sent to Doctor MacMunn by Prof. F. J. Bell. It had 
a deep yellow color, being orange yellow by gaslight. It gave one band in orange 
and one in green, and strongly absorbed the violet end of the spectrum. A very 
deep layer transmitted only the red rays and showed a narrow faint band in red. 

As the solution was too dilute for spectroscopic observation it was evaporated 
in a vacuum. After some days’ evaporation it left a fine red residue, which in 
thinner parts seemed yellow and had a pleasant smell, recalling that of Flustra 
foliacea. 

This residue went over easily into absolute alcohol, forming a fine red solu- 
tion. A deep layer transmitted red only. A less deep layer gave definite bands, 
and a still shallower layer somewhat different bands. These bands gave the fol- 
lowing readings: First, 1598 to 4589; second, (581 to 4562; and third, in a slightly 
more diluted solution, from 549 to 4520. 

On adding hydrochloric acid the color became more orange, less red, and the 
spectrum changed to that shown in his third figure; the bands reading, first 4589 
to 4580, and second, probably composed of two bands, from about 549 to 4523, 
the darker part about (532-523. 

Ammonia added to an alcoholic solution made the color a darker red and 
caused slight precipitation. A deep layer transmitted red only, while in a shal- 
lower layer a broad ill-defined band in green was seen. When to this solution 
ammonium sulphide was added this band disappeared, but no new ones came into 
view. When an alcoholic solution was treated with ammonium sulphide the fluid 
seemed redder, and only general absorption of all rays except the red was seen. 
In thin layers a faint haze was seen in the green, but no bands. 

On treating an alcoholic solution with acetic acid it became a lighter red, and 
the spectrum changed so that the bands read: First, from 4597 to 4581 and shading 
to 4562, and, second, in its darker part from 2538 to 4521.5, the violet being ab- 
ruptly absorbed. 

Caustic soda changed the color of an alcoholic solution to a darker red, and 
on diluting still further the color became rose red. The spectrum was the same as 
with ammonia. 

Nitric acid produced the same effect as hydrochloric, the color changing to 
orange, and bands like those in the third spectrum appearing, the dark part of the 
first band reading from 4589 to 4579 and having a shading on each side of it, and 
the second band extending from 4549 to 4523 with its half toward violet more 
shaded than that toward red. 

Sulphuric acid also changed the color of an alcoholic solution to orange, and 
the bands were exactly the same as with nitric acid. 

The acid spectrum could be changed into the alkaline by an excess of caustic 
soda. 





1 Alcoholic specimens of several species are remarkable for their pleasant odor. Trepiometra picta, T. 
macrodiscus, and Ptilometra miilleri and Pt. macrenema smell much like ripe purple plums. 
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The residue left by the evaporation of an alcoholic solution was freely soluble 
in ether, chloroform, carbon disulphide, benzine, and water, but insoluble in 
glycerin. It became a kind of violet with iodine in potassium iodide, a dirty 
yellow-brown with nitric acid, and a kind of orange with sulphuric acid. 

Paleocomatella difficilis, Calometra discoidea, Asterometra longicirra, Steno- 
metra quinquecostata, Parametra compressa, Perissometra flexilis, P. patula, P. 
robusta, Strotometra parvipinna, Cyllometra manca, Adelometra angustiradia, and 
Perometra pusilla—As this solution was very dilute it was evaporated in a 
vacuum, and left a deep yellow residue. Dissolved in alcohol this furnished a 
yellow solution approaching orange. In this no bands were visible, but it ab- 
sorbed the violet end of the spectrum. The other characters resembled those of 
the pigment of Antedon bifida. The residue became a dark brown-violet with sul- 
phuric acid, and was scarcely changed by nitric acid. 

Aglaometra valida, Thalassometra pergracilis, Perissometra angusticalyx, 
Vhondrometra aculeata, Pecilometra acela, Nepiometra levis, and Thaumatocrinus 
naresi.—The yellow solution on evaporation in a vacuum left a kind of purplish 
brown residue which dissolved in rectified spirits with an orange color. It strongly 
absorbed the violet end of the spectrum, but showed no distinct bands. There 
was a feeble shading present in green and a very faint one at D; the latter be- 
came more distinct on the addition of caustic potash, which made the fluid redder. 
There was not enough pigment left for further examination. 

Comasterid from Banda.—Carpenter believes that it was from this that Pro- 
fessor Moseley obtained his antedonin. The solution had a faint yellowish red 
tint and showed two faint bands in the green, which MacMunn took for those of 
antedonin. On evaporation in a vacuum a dull red residue was left; this was 
soluble in alcohol and gave the antedonin bands faintly. By the action of acids 
and alkalines it was evident that antedonin, somewhat altered by time, was present. 
No lipochrome could be detected in the residue. 

Large comasterid from Banda2—The solution was yellow, and on evapora- 
tion in a vacuum left a violet brown residue soluble in alcohol, with a violet red color 
in deep layers, and orange in thinner ones. When dissolved in alcohol it strongly 
absorbed the violet end of the spectrum and showed no distinct bands. Hydro- 
chloric acid made the color paler, approaching yellow, and no bands were seen. 
Caustic potash made the fluid redder and caused a faint shadow to appear at D, 
while a precipitate formed. The residue became yellow with nitric acid, and brown 
with sulphuric acid. 

Comatula rotalaria from Cape York.—The alcoholic solution was deep yel- 
low, and somewhat reddish in a deep layer. On evaporation in a vacuum it left 
a red residue containing crystals of chloride of sodium. The rectified spirit extract 
was reddish in deep and yellow in thin layers, and this gave a faint antedonin 
spectrum. The residue was also soluble in chloroform, the solution strongly ab- 
sorbing the violet end of the spectrum and showing some faint bands in green. 


+The comasterids obtained by the Challenger at Banda were Capillaster sentosa, O. multiradiata, Co- 
master multibrachiata, Comantheria briareus, Comanthina schlegelii, Comanthus annulata, and C. parvicirra. 
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It was also partially soluble in ether, the solution showing a faint antedonin 
spectrum. Hydrochloric acid changed the red color to yellow; caustic soda intensi- 
fied the color, and then a feeble shading was seen close to D; ammonia produced 
the same change. 

Comatella stelligera.—This gave a yellowish solution which on evaporation in 
a vacuum left a yellowish brown residue, soluble in rectified spirits with a yellow 
color; this absorbed the violet, but showed no bands. Hydrochloric acid left the 
color of the solution unchanged; with caustic potash it became a brownish yellow, 
but showed no bands. The residue failed to give the lipochrome reactions. 


ECONOMIC VALUE OF THE RECENT CRINOIDS. 


Economically the crinoids serve no useful purpose—at least up to now they 
have been put to none. They can not be eaten, and they are not eaten by any fish 
or other animal that serves as human food. 

Owing to their ordinarily fixed mode of life it is possible that they might be 
used to furnish an index of the density of the finer plankton content of the water 
in which they live, though it is probable that other more generally distributed 
animals with more or less similar feeding habits would serve this purpose better. 

Because of their beauty and delicacy of form, as well as on account of their 
rarity, they are frequently preserved and offered for sale as curios in Japan and 
China, and, less frequently, in India, Oceania, Australia, and the West Indies. 

In southern Japan crinoids are frequently brought up on the long lines used 
for fishing in deep water in Sagami Bay. The unstalked crinoids, because of 
their beauty and delicacy of form, are called “ komachi”—a name originally borne 
by an exceptionally well-favored lady of the court upward of a thousand years 
ago—while the stalked form (MJetacrinus rotundus) is known as the “ bird’s foot.” 
The former when well preserved are sometimes sold as curios, while the latter 
always meet with a ready sale at extraordinarily high prices on account of their 
rarity, combined with their paleontological interest. 

In China comatulids are sometimes offered for sale which have been brought 
from a considerable distance. 

At Barbados the local species of /socrinus, especially J. asteria, and Holopus 
rangi, are occasionally to be found in the curio shops. 

Among the slavic peoples red is the color about which all their abstract ideas of 
beauty, and hence of idealism, revolve. The delicate and often gorgeously colored 
red Adriatic Feather Star (Antedon adriatica) occurs more or less abundantly 
along the coasts of the largely slavic provinces of Istria and Dalmatia, where it is 
frequently found in the fishermen’s nets and is sometimes brought up on their 
hooks. Its beauty of form, and particularly its red color, especially commend it 
to the local fishermen, who commonly take it to market and exhibit it along with 
the fish offered for sale. 
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EXPLANATION OF PLATES. 
PLATE 1. 


Radial Pentagons and Radial Articular Faces of Various Comatulids. 


Fie. 950.—Comatella stelligera, lateral view of radials and centrodorsal. (After P. H. Car- 


penter. ) 

951.—Same. (After P. H. Carpenter.) 

952.—Same species, ventral view of radial pentagon. (After P. H. Carpenter.) 

953.—Comatella maculata, ventral view of radial pentagon. (After P. H. Carpenter.) 

954.—Same, lateral view of radials and centrodorsal. (After P. H. Carpenter.) 

955.—Neocomatella pulchella, two adjacent radial articular faces. (After P. H. Carpenter.) 

956.—Nemaster rilbiginosa, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

957.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

958.—Comatula rotalaria, two adjacent radial articular faces. (After P. H. Carpenter.) 

959.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

960.—Comatula solaris, lateral view of radials and centrodorsal. (After P. H. Carpenter.) 

961.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

962.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

963.—Comactinia meridionalis, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

964.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

965.—Comanthus parvicirra, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

966.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

967.—Same. (After P. H. Carpenter.) 

968.—Same. (After P. H. Carpenter.) 


PLATE 2. 


Radial Pentagons of Various Comatulids. 


. 969.—Cyllometra disciformis, lateral view of radials and centrodorsal. (After P. H. Car- 


penter. ) 

970.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

971.—Tropiometra carinata, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) ° 

972.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

973.—Ptilometra macronema, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

974.—Saine, ventral view of radial pentagon. (After P. H. Carpenter.) 

975.—Stiremetra breviradia, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

976.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

977.—Same, another specimen, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

978.—Same specimen, ventral view of radial pentagon. (After P. H. Carpenter.) 

979.—Stenometra quinquecostata, lateral view of radials and centrodorsal. (After P. H. 
Carpenter. ) 

980.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 
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PLATE 3. 
Radial Pentagons of Various Comatulids. 


I*1a. 981.—Thalassometra agassizti, lateral view of radials and centrodorsal. (After Hartlaub.) 

982.—Same, dorsal view of radial pentagon. (After Hartlaub.) 

983.—Same, ventral view of centrodorsal. (After Hartlaub.) 

984.—Perissometra angusticalyz, lateral view of radials and centrodorsal. (After P. H. 
Carpenter. ) 

985.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

986.—Pachylomeira inequalis, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

987.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

988.—Pecilometra acela, lateral view of radials and centrodorsal. (After P. H. Carpenter.) 

989.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

990.—Charitometra basicurva, lateral view of radials and centrodoreal. (After P. H. Car- 
penter. ) 

991.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

992.—Charitometra incisa, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) 

993.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 


PLATE 4. 
Radial Pentagons of Various Comatulids. 


lie. 994.—Antedon bifida, lateral view of radials and centrodorsal. (After P. H. Carpenter.) 

995.—Same, ventral view of radial pentagon. (After W. B. Carpenter.) 

996.—Same. (After P. H. Carpenter.) 

997.—Solanometra antarctica, lateral view of radials and centrodorsal. (After P. H. Car- 
penter.) 

998.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

999.—Heliometra glacialis, lateral view of radials and centrodorsal. (After P. H. Car- 
penter. ) ; 

1000.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

1001.—Promachocrinus kerguelensis, lateral view of radials and centrodorsal. (After P. H. 
Carpenter. ) 

1002.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

1003.—Leptometra celtica, lateral view of radials and centrodorsal. (After P. H. Car- 
penter.) 

1004.—Another specimen of same, lateral view of radials and centrodorsal. After P. 
H. Carpenter. ) 5 

1005.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 

1006.—Pentametrocrinus semperi, lateral view of radials and centrodorsal, (After P. H. 
Carpenter. ) 

1007.—Same, ventral view of radial pentagon. (After P. H. Carpenter.) 


PLaTE 5. 
Radials and Centrodorsal of Florometra. 


Iie. 1008.—Florometra tanneri, radial articular face. (After Hartlaub.) 
1009.—Florometra perplexa, radial articular face. (After Hartlaub.) 
1010.—Same, inner side of radial, (After Hartlaub.) 
1011.—Same, lateral view of radials and centrodorsal. (After Hartlaub.) 
1012.—Same, ventral view of radial pentagon. (After Hartlaub.) 
1013.—Same, ventral view of centrodorsal. (After Hartlaub.) 
1014.—Same, dorsal view of radial pentagon, without rosette. (After Hartlaub.) 
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PLATE 6. 
Arm structure of comatulids. 


1015.—Dorsal view of proximal portion of specimen of Comanthus parvicirra, with homolo- 
gies of ossicles indicated. (Adapted from P. H. Carpenter.) 

1016.—Lateral view of proximal portion of specimen of Pentametrocrinus semperi, with 
homologies of ossicles indicated. (Adapted from P. H. Carpenter.) 


PLATE 7. 
Arm structure of comatulids. 


1017.—Central portion of specimen of Comanthus parvicirra in dorsal view, with atrophied 
left posterior arm. (After P. H. Carpenter.) 

1018.—Central portion and part of an arm of type specimen of Antedon diibenié in dorsal 
view, with homologies of ossicles indicated. (Adapted from P. H. Carpenter.) 


Prater 8. 
Arm structure of comatulids. 


1019.—Central portion and part of arm of Comactinia meridionalis in dorsal view, with 
homologies of ossicles indicated. (Adapted from P. H. Carpenter.) 

1020.—Central portion and part of two arms of specimen of Comatula rotalaria, with 
homologies of ossicles indicated. (Adapted from P. H. Carpenter.) 


PLATE 9. 
Arm structure of comatulids. 


1021.—Dorsal view of proximal portion of specimen of Comantheria briareus, with homolo- 
gies of ossicles indicated. (Adapted from P. H. Carpenter.) 

1022.—Dorsal view of proximal portion of specimen of Capillaster multiradiata, with 
homologies of ossicles indicated. (Adapted from P. H. Carpenter.) 

1023.—Dorsal view of proximal portion of two post-radial series of Comaster noveguinee, 
with homologies of ossicles indicated. (Adapted from P. H. Carpenter.) 


PLATE 10. 
Arm structure of comatulids. 


1024.—Dorsal view of proximal portion of specimen of Comanthus trichoptera, with homolo- 
gies of ossicles indicated. (Adapted from P. H. Carpenter.) 

1025.—Dorsal view of proximal portion of specimen of Comanthus parvicirra, with homolo- 
gies of ossicles indicated. (Adapted from P. H. Carpenter.) 

1026.—Dorsal view of proximal portion of specimen of Capillaster sentosa, with homologies 
of ossicles indicated. (Adapted from P. H. Carpenter.) 


PLATE 11. 
Arm structure of comatulids. 


1027.—Distal arm division in specimen of Dichrometra déderleini. 

1028.—Centrodorsal and arms bases of specimen of Psathyrometra bigradata, showing (to 
the left) a regenerating arm. (After Hartlaub.) 

1029.—Dorsal view of proximal portion of two post-radial series of specimen of Comaster 
multibrachiata, with homologies of ossicles indicated. (Adapted from P. H. Car- 
penter.) 
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Puiate 12. 
Arms and pinnules of various comatulids. 


Fie. 1030.—Arm and pinnules of Comantheria briareus. (After P. H. Carpenter.) 
1031.—Brachials of Capillaster sentosa. (After P. H. Carpenter.) 
1032.—Brachials of Capillaster multiradiata. (After P. H. Carpenter.) 
1033.—Distal brachials of Pentametrocrinus semperi. (After P. H. Carpenter.) 
1034.—Tip of posterior arm of Comanthus parvicirra, showing paired terminal pinnules and 
spherodes. 
1035.—Tip of anterior arm of Comanthus parvicirra. 
1036.—Brachials of Comanthus trichoptera. (After P. H. Carpenter.) 
1087.— Ventral view of portion of ungrooved posterior arm of Comanthus parvicirra. (After 
P. H. Carpenter.) 
1038.—Ventral view of portion of normal arm of Comanthus parvicirra. (After P. H. Car- 
penter. ) 
Part of posterior arm of Comanthus parvicirra, showing spherodes. (After P. H. 
Carpenter. ) 
1040.—P; and P: of Antedon diibenii. (After P. H. Carpenter.) 
1041.—Bases of earlier pinnules of Comatella stelligera, showing carinate processes on first 
two segments. (After P. H. Carpenter.) 
1042.—Varietal form of second or third pinnule of Coccometra hagenti. (After Hartlaub.) 
1043.—P, of Capillaster multiradiata. (After P. H. Carpenter.) 
1044.—Lower pinnules of Antedon bifida as carried in life. (After W. B. Carpenter.) 


1039. 





PuLaTE 13. 
Pinnules of various comatulids. 


Fig. 1045.—Pinnule on I1IBr series of Zygometra microdiscus. (After P. H. Carpenter.) 
1046.—P; of pentacrinoid of Hathrometra sarsii shown in fig. 1220. (After M. Sars.) 
1047.—P; of Coccometra hagenti. (After Hartlaub.) 

1048.— Same. (After Hartlaub.) 

1049.—Same. (After Hartlaub.) 

1050.—Proximal pinnules of Thalassometra agassizii. (After Hartlaub.) 
1051.—P: of Capillaster sentosa, (After P. H. Carpenter.) 

1052.—Basal pinnule of Zygometra microdiscus. (After P. H. Carpenter.) 
1053.—P: of Florometra perplexa. (After Hartlaub.) 

1054.— Distal end of P; of Florometra tanneri. (After Hartlaub.) 


PLATE 14. 
Pinnules of various comatulids. 


Fic. 1055.—Ungrooved genital pinnule of Perissometra angusticalyx. (After P. H. Carpenter.) 
1056.—Ps; of Coccometra hagenii. (After Hartlaub.) 
1057.—Lateral view of genital pinnule of Pecilometra ac@la. (After P. H. Carpenter.) 
1058.—Ventral view of genital pinnule of Pawcilometra acela. (After P. H. Carpenter.) 
1059.—Pinnules of outer half of arm of Thalassometra agassizii. (After Hartlaub.) 
1060.—Middle pinnule of Zygometra nicrodiscus. (After P. H. Carpenter.) 
1061.—Genital pinnules of Paecilometra acela. (After P. H. Carpenter.) 
1062.—Grooved genital pinnule of Aglaometra incerta. (After P. H. Carpenter.) 
10638.—Pinnule of 25th brachial of Coccometra hagenii. (After Hartlaub.) 
1064.—P: of Coccometra hagenii. (After Hartlaub.) 
1065.—Middle pinnules of Comanthus trichoptera. (After P. H. Carpenter.) 
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PuaTE 15, 
Pinnules of various comatulids. 
1066.—Forked pinnule of Hathrometra prolice., (After Mortensen.) 
1067.—Base of same. (After Mortensen.) 
1068.—Terminal pinnule of Capillaster multiradiata. (After P. H. Carpenter.) 


1069.—Terminal pinnule of Capillaster sentosa. (After P. H. Carpenter.) 
1070.—Middle pinnules of Florometra tanneri. (After Hartlaub.) 


PLATE 16. 


. 1071.—Antedon bifida, drawn from life. (After W. B. Carpenter.) 


PLATE 17. 


Terminal combs of various comasterids. 


. 1072.—Comactinia meridionalis. (After P. H. Carpenter.) 


1073.—Comaster multibrachiata, (After P. H. Carpenter.) 
1074.—Comanthina schlegelii. (After P. H. Carpenter.) 

1075.—_Same. (After P. H. Carpenter.) 

1076.—Comanthus annulata. (After P. H. Carpenter.) 

1077.—Comantheria briareus. (After P. H. Carpenter.) 

1078.—Comanthus trichoptera. (After P. H. Carpenter.) 

1079.—Comanthus parvicirra, (After P. H. Carpenter.) 

1080.—Same. (After P. H. Carpenter.) 

1081.—Same. (After P. H. Carpenter.) 

1082.—Same. (After P. H. Carpenter.) " 


PLATE 18. 


Proximal brachials of Antedon bifida. (After W. B .Carpenter.) 


. 1088.—Second brachial, distal articular face. 


1084.—Same, proximal articular face. 
1085.—Same, lateral face. 

1086.—Same, ventral face. 

1087.—Same, dorsal face. 

1088.—First syzygial pair (third and fourth brachials), proximal face. 
1089.—Third brachial, distal face. 
1090.—First syzygial pair, ventral face. 
1091.—Same, lateral face. 

1092.—Same, dorsal face. 

1093.—Fourth brachial, distal face. 
1094.—Same, proximal face. 
1095.—Same, lateral face. 

1096.—Same, ventral face. 

1097.—Same, dorsal face. 
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PLATE 19. 
Proximal brachials of Antedon bifida. (After W. B. Carpenter.) 


1098.—1IBnr, proximal face, 
1099.—Same, distal face. 
1100.—Same, ventral face. 
1101.—Same, dorsal face. 
1102.—IBr: (axillary), distal face. 
1103.—Same, proximal face. 
1104.—Same, ventral face. 
1105.—Same, dorsal face. 
1106.—First brachial of the free undivided arm, proximal face. 
1107.— Same, distal face. 
1108.—Same, dorsal face. 
1109.—Same, ventral face. 





PLATE 20. 
Proximal brachials of Antedon bifida. (After W. B. Carpenter.) 


1110.—¥ifth brachial, distal face. 

1111.—Same, proximal face. 

1112.—Same, pinnule socket. 

1118.—Same, ventral face. 

1114.—Same, dorsal face. 

1115.—Brachial from about the middle of the arm, proximal face. 

1116.—Same, distal face. 

1117.— Same, lateral view. 

1118.—Radial, articular face. 

1119.—IBr. (axillary) of pentacrinoid at time of detachment from larval column, external 
view. 

1120.—Same, internal view. 

1121.—IBr, of pentacrinoid at time of detachment from larval column, internal view. 

1122.—Same, external view. 


PLATE 21. 
Proximal brachials of Comanthus parvicirra, (After P. H, Carpenter.) 


1123.—iIBn, distal face. 

1124.—Same, proximal face. 

1125.—Same, ventral surface. 
1126.—Same, dorsal surface. 

1127.—IBr, (first axillary) proximal face. 
1128.—Same, distal face. 

1129.—Same, ventral surface. 

1130.—Same, dorsal surface. 

1181.—IBr, of another variety, distal face. 
1132.—Same, proximal face. 

1183.—Same, ventral surface. 
1184.—Same, dorsal surface. 

1135.—IBr. (first axillary) of another variety, proximal face. 
1186.—Same, distal face. 

1187.—Same, ventral surface. 
1188.—Same, dorsal surface. 
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PLATE 22. 


1189.—Portion of postradial series of specimen of Comanthus parricirra, showing light 
median line. (After P. H. Carpenter.) 
1140.—Proximal portion of Thalassometra agassizii. (After Hartlaub.) 


PLATE 23. 
Perisomic structures of various comatulids. 


1141.—Lateral view of young specimen of Thawmatocrinus renovatus, showing perisomic 
plates of disk. (After P. H. Carpenter.) 

1142.—-Peristome of dry disk of Comatula solaris, with origins of the ambulacra. (After P. 
H. Carpenter.) 

1143.—Lateral view of young specimen of Tropiometra picta, showing interbrachial perisomic 
plates. (After P. H. Carpenter.) 

1144.—Abnormal disk of Comatella stelligera with two mouths and two anal tubes. (After 
P. H. Carpenter.) : 

1145.—Perisomic interbrachials of Antedon bifide. (After W. B. Carpenter.) 

1146.—Same. (After W. B. Carpenter.) 

1147.—Disk of Capillaster multiradiata with central mouth. (After P. H. Carpenter.) 

1148.—Disk of Capillaster multiradiata with excentric mouth. 


PLATE 24. 
Disks of various comasterids. (After P. H. Carpenter.) 


1149.—Comatula pectinata. 
1150.—Comaster belli. 
1151.—Comantheria magnifica. 
1152.—Comanthus parvicirra. 
1153.—Comanthina schlegelii. 


PLATE 25 
Disks of various comatulids, (After P. H. Carpenter.) 


1154.—Comanthus parvicirra. 
1155.—Zygometra microdiscus. 
1156.—Same. 

1157.— Same. 
1158.—Pentametrocrinus semperi. 


PLATE 26. 
Disks of various comatulids, (After P. H. Oarpenter.) 


1159.—Perissometra angusticalya. 

1160.—Charitometra basicurva. 

1161.—Pecilometra acela. 

1162.—Antedon bifida, with two mouths. 

1163.—Atelecrinus balanoides. 

1164.—Atelecrinus wyvillii. 

1165.—Vertical section through dry disk of Comatula solaris. 
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PLATE 27. 
Adambulacral deposits of various comatulids. 


1166.—Aglaometra incerta, apparently from a dried specimen. (After P. H. Carpenter.) 

1167.—Charitometra basicurva, lateral view of portion of pinnule mounted in dammar 
(After P. H. Carpenter.) 

1168.—Pachylometra inequalis, lateral view of portion of a pinnule, apparently dried. 
(After P. H. Carpenter.) 

1169.—Pe@cilometra acela, lateral view of portion of a pinnule, apparently dried. (After P. 
H. Carpenter. ) 

1170.—Hathrometra proliza, lateral view of portion of arm of pentacrinoid at time of first 
appearance of pinnules and cirri, with tentacles omitted. (After Mortensen.) 

1171.—Thalassometra agassizii, lateral view of portion of pinnule, showing skeleton only. 
(After Hartlaub.) 

1172—Same. (After Hartlaub.) 

1173.—Antedon bifida, lateral view of growing arm of young pentacrinoid. (After Wrville 
Thomson.) 

1174.—Hathrometra sarsii, portion of arm of pentacrinoid with six brachials developed. 
(After M. Sars.) ; 


PLATE 28, 


Eggs and larve of certain comatulids. 


. 1175.—Portion of arm of specimen of Comanthus parvicirra, showing eggs attached to bases 


of pinnules. (After P. H. Carpenter.) 

1176.—Antedon bifida, young embryo seen through vitelline membrane. (After Wyville 
Thomson.) 

1177.—-Same. (After Wyville Thomson.) 

1178.—Same. (After Wyville Thomson. ) 

1179.—Antedon bifida, embryo. (After Wyville Thomson. ) 

1180.—Antedon bifida, dorsal view of embryo shortly after rupture of vitelline membrane. 
(After Wyville Thomson.) 

1181.—Antedon bifida, ventral view of a slightly older embryo. (After Wyville Thomson. ) 

1182.—Antedon mediterranea, surface view of larva of fifth day, still in vitelline membrane, 
showing the yellow cells. (After Bury.) 

1183.—Antedon mediterranea, surface view of free larva of sixth day, from right side. 
(After Bury.) 

1184.—Antedon mediterranea, surface view of larva of seventh day, from left side. (After 
Bury.) 

1185.—Antedon mediterranea, surface view of larva early on eighth day, from ventral side. 
(After Bury.) 


PLATE 29. 
Larve of Antedon. 


1186.—Antedon bifida, ventral view of embryo shortly before disappearance of ciliated 
bands. (After Wyville Thomson.) 

1187.—Lateral view of same. (After Wyville Thomson.) 

1188.—Dorsal view of same. (After Wyville Thomson.) 

1189.—Antedon bifida, dorsal view of embryo not long after rupture of vitelline membrane. 
(After Wyville Thomson.) 

1190.—Antedon mediterranea, diagram showing arrangement of skeletal plates in larva of 
seventh day. (After Bury.) 
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PLATE 30. 
Larve of Antedon. 


1191.—Antedon bifida, young larya recently attached. (After Wyville Thomson.) 

1192.—Same, somewhat more advanced. (After Wyville Thomson.) 

1193.—Antedon bifida, pentacrinoid larva immediately after complete separation of oral 
valves, with cup closed. (After Wyville Thomson.) 

1194.—Antedon mediterranea, larva of tenth day seen as transparent object; plates on 
farther side of body are omitted. (After Bury.) 


PLATE 31. 
Larve of Antedon. 


1195.—Antedon bifida, a pentacrinoid before expansion of ventral disk with cup expanded 
and showing arrangement of nonextensile tentacles. (After Wyville Thomson. ) 

1196.—Antedon mediterranea, basal from larva of tenth day. (After Bury.) 

1197.—Same, an infrabasal from larva of same age. (After Bury.) 

1198.—One of uppermost columnals from same larva with rudimentary longitudinal proc- 
esses. (After Bury.) 

1199.—One of uppermost columnals from larva of same species of seventh day. (After 
Bury.) 

1200.—Infrabasal from same larva; this would equally well represent a basal some 24 hours 
earlier. (After Bury.) 


PLATE 32. 
Larve of Antedon bifida, (After Wyville Thomson.) 


1201.—Pentacrinoid larva immediately after complete separation of orals, expanded (fig. 
1193.) 

1202.—Portion of oral disk of same stage in state of complete expansion, seen from above. 

1203.—Pentacrinoid larva immediately before expansion of ventral disk. 


PLATE 33. 
Larve of Antedon bifida. (After W. B. Carpenter.) 


1204.—Group of pentacrinoid larve in different stages. 

1205.—Skeleton of early pentacrinoid larva, from dried specimen, showing way in which 
calyx at that stage can be completely closed in by folding together of orals. 

1206.—Skeleton of young pentacrinoid larva, showing incipient development of dorsal cirri, 
and radianal being lifted up from between radials. 


PLATE 34. 
Pentacrinoid larve of various comatulids. (After P. H. Carpenter.) 


1207.—Crotalometra porrecta. 
1208.—Same. 

1209.—Same. 
1210.—Hathrometra prolica. 
1211.—Glyptometra tuberosa, 
1212.—Leptometra celtica. 
1213.—Hathrometra proliza, 
1214.—?Thaumatometra, sp. 
1215.—Heliometra glacialis. 
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PuiatE 35. 
Pentacrinoid larve of Hathrometra sarsiit. (After M. Sars.) 


Fie. 1216.—Pentacrinoid at stage at which six brachials are present. 
1217.—Pentacrinoid at stage at which pinnules are just beginning to appear. 
1218.—Pentacrinoid at stage at which cirri are beginning to appear. 

1219.— Fully developed pentacrinoid. 


PLATE 36. 
Pentacrinoid larve of Hathrometra sarsii. (After M. Sars.) 


Fie. 1220.—Most highly developed pentacrinoid obtained by Professor Sars. 
1221.—Part of arm of same individual taken from middle. 
1222.—Summit of column of fully developed individual. 
1223.—Tip of arm of young pentacrinoid, showing development of first pinnule to appear. 
1224,—Sixth pinnule of individual shown in fig. 1220. 
1225.—Disk of fully developed pentacrinoid. 


PLATE 57. 


Fic. 1226.—Pentacrinoid of Heliometra glacialis. (After Levinsen.) 
1227.—Pentacrinoid of Hathrometra proliza from Jan Mayen. (After P. H. Carpenter.) 
1228.—Pentacrinoid of Ptilometra miilleri. (After H. L. Clark.) 
1229.—_Same. (After H. L. Clark.) 
1230.—Same. (After H. L. Clark.) 
1231.—Abnormal arm of a specimen of Heliometra glacialis. (After Levinsen.) 


PuLaTE 88. 


Pentacrinoid larve and pinniles of viviparous comatulids. (After Th. Mortensen.) 


Fie. 1232.—Thaumatometra nutriz, a fully grown pentacrinoid attached to third segment of 


genital pinnule; in ovary eggs are visible. 


1233.—Thaumatometra nutrix, genital pinnule with young pentacrinoid attached to pinnule 


segment protruding through opening of the marsupium. 


1234.—Thaumatometra nutriz, genital pinnule with two pentacrinoids attached to third 


pinnule segment protruding from marsupium. 


1235.—Thaumatometra nutriz, type specimen, viewed dorsally; on one of arms to the left 


is genital pinnule bearing large pentacrinoid. 
1236.—Thaumatometra nutriz, genital pinnule with egg in marsupium. 


1237.—_Thaumatometra nutrix, genital pinnule with young pentacrinoid attached to extreme 


edge of marsupium. 


1238.—Isometra vivipara, genital pinnule viewed ventrally showing slitlike opening of 


marsupium. 
1239.—Isometra vivipara, male genital pinnule. 


1240.—/sometra vivipara, proximal portion of arm, showing oral pinnules and extra fourth 


pinnule. 
PLATE 39. 


Commensals of Crinoids. 


Pies, 1241-1245.—Lowosomella antedonis. (After Mortensen.) 
1246-1248.—Pachylasma crinoidophilum. (After Pilsbry.) 
1249, 1250.—Verruca nitida. (After Hoek.) 
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PLATE 40. 
Myzostomes, 


Fies. 1251-1253.—Myzostomum crosslandi. (After Boulenger.) 
1254.—M. tenuispinum. (After von Graff.) 
1255-1262.—-M. costatum. (After Boulenger.) 
1263.—M. rubrofasciatum. (After Boulenger.) 


PLaTeE 41, 


Myzostomes. (After von Graff.) 
Fie. 1264.—M. fiilicauda. 
1265.—M., longicirrum. 
1266.—M. ambiguum. 
PLATE 42, 


Deformations caused by myzostomes. 


Fics. 1267-1269.—Three views of a eyst of Myzostomum willemoesii on arm of Pachylometra 

inequalis. (After von Graff.) 

1270-1272.—Three views of a large cyst of M. tenuispinum on arm of Perissometra angusti- 
calyx. (After von Graff.) 

1273-1275.—Three cysts of M. tenuispinum on arms of Pachylometra inequalis. (After 
von Graff.) 

1276.—Part of disk and arm bases of specimen of Promachocrinus kerguelensis, showing 
cyst of Myzostomum cysticolum, opened in order to show pair of myzo- 
stomes. (After Mortensen.) 


Prate 48. 
Deformations caused by myzostomes. 


Fics. 1277-1279.—Three views of a cyst of Myzostomum deformator on arm of Endoxocrinus 
alternicirrus ; in fig. 1277 the cyst is shown broken open to show septum. 
1280, 1281—Swollen pinnule of Endozocrinus alternicirrus, inclosing M. deformator, seen 
from both sides. 
1282.—Portion of arm of Endozocrinus alternicirrus, with pinnules of nearer side re- 
moved, showing base of enlarged pinnule upon which rests Myzostomum 
asymmetricum, (After von Graff.) 
1283-1285.—Thickened portion of arm of Endoocrinus alternicirrus inclosing Myzostomum 
pentacrini. (After von Graff.) 
1286, 1287.—Two views of cyst of Myzostomum platypus upon disk of Comanthina schle- 
gelii. (After von Graff.) 


PLATE 44. 
Deformations caused by myzostomes and otherwise. (After von Graff.) 


Fies. 1288-1290.—Three views of portion of arm of Perissometra flerilis containing Myzostomum 


beardi. 

1291.—Malformed pinnule of Pachylometra inequalis containing Myzostomum wille- 
moesii, 

1292.—Malformed pinnule of Perissometra flerilis containing Myzostomum wille- 
moesii. 


1293, 1294.—Dorsal (1293) and ventral (1294) view of cyst on arm of Comactinia meri- 
dionalis containing Myzostomum cysticolum. 
1295.—Cyst on ventral surface of arm of Comactinia meridionalis containing My-zo- 
stomum cysticolum, 
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Fics. 1296, 1297.—T wo views of cyst on arm of Comactinia meridionalis containing Myzostomum 
cysticolum. 
1298, 1299.—Two cysts on arm of Pachylometra inequalis containing Myzostomum tenuispi- 
num, 
1800.—Stalked cyst from disk of Adelometra angustiradia containing Myzostomum 
murrayi. 
1801.— Cyst containing Myzostomum murrayi on specimen of Stiremetra breviradia. 
1302-1304.—Three views of cyst from arm of Pachylometra inequalis containing Myzosto- 
num tenuispinum; fig. 1304 cyst broken open to show the female and the 
dwarf male within. 
1305.—Pinnule cyst not caused by myzostome from specimen of Antedon bifida from 
Keumaes Bay. 
1806.—Egg-like contents of a pinnule cyst from specimen of Antedon bifida from 
Cumbrae: the right side is drawn in surface view, left side in optical sec- 
tion with cortical layer and the internal mass. 
1807.—Pinnule cyst not caused by a myzostome from specimen of Antedon bifida from 
off Keumaes Bay. 
1308.—Three deformities from specimen of an Antedon dredged by the Vettor Pisani 
at Gibraltar; a, groove-like deformity ; b, pinnule cyst; and c, arm swelling, 


PLATE 45. 


Fig. 1809.—Skeleton of central portion of a young Antedon bifida viewed dorsally with centro- 
dorsal removed, showing central canal enlarged by absorption of part of original 
basals, though nearer cavity of calyx, still contracted by secondary endogenous 
growth; primary nerve stems and courses of their derivatives shown. (After 
W. B. Carpenter.) 

1310.—Same, viewed ventrally, with radianal added. (After W. B. Carpenter.) 

1311.— Central portion of Leptometra celtica after removal of visceral mass. (After P. H. 
Carpenter. ) 

1312.—Arm of specimen of Antedon bifida in which the IBr, (axillary) is lacking, first bra- 
ehial of free undivided arm immediately following IBn. (After W. B. Carpenter.) 

1313.—Dorsal view of skeleton of terminal portion of arm of mature pentacrinoid of Antedon 
bifida. (After W. B. Carpenter.) 

1314.—Ventral view of same. (After W. B. Carpenter.) 


PLATE 46. 


Fic. 1815.—Section of gastrula of Antedon mediterranea early on the second day. (After Bury.) 

1316.—Longitudinal vertical section of later gastrula (end of second day) of Antedon 
mediterranea, showing formation of mesoblast. (After Bury.) 

1317.—Diagram of structure of adult sacculus. (After Bury.) 

1818.—Pyriform sacs with refractive spherules from sacculi at different ages, (After Bury.) 

1319.—Transverse sections of two pyriform sacs from sacculi taken from adult specimens 
of Antedon mediterranea. (After Bury.) 

1320.—Part of transverse section of eleventh day larva, showing development of sac- 
eculus. (After Bury.) 

1321.—Part of transverse section through same region about twentieth day. (After Bury.) 

1322.—Arm pair of fully grown pentacrinoid of Hathrometra sarsii, showing regenerating 
arm. (After M. Sars.) 


PLATE 47. 


Wie. 1823.—Horizontal section of calyx and arm bases of Antedon bifida, flattened out, showing 
axial canals. (After W. B. Carpenter.) 
1324.—Central portion of Comatula pectinata after removal of visceral mass. (After P. H. 
Carpenter. ) 
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Fic. 1325.—Radial pentagon of Antedon bifida after removal of dorsal surface in such a way as 
to lay open the radiating axial canals and their intercommunicating branches; 
around central space is irregular calcareous network formed by inosculation of 
processes sent off from internal faces of the radials. (After W. B. Carpenter.) 


PLATE 48. 


Fie. 13826.— Ventral muscle pairs of a young specimen of Antedon bifida. (After W. B. Carpen- 
ter.) 
1327.—Proximal portion of arm pair with the lower pinnules of specimen of Antedon bifida 
with soft parts removed, showing disposition of ventral muscles. (After W. B. 
Carpenter. ) 
PLATE 49. 


Fig. 1328.—Tip and central portion of pinnule of 7sometra vivipara, showing side and covering 
plates. 
1329.—Side and covering plates along ambulacral furrow of arm of Notocrinus virilis; the 
irregular dark median area represents furrow. 
1330.—Tip and central portion of « pinnule of Notocrinus virilis, showing the side and coy- 
ering plates. 
1331.—Spicules of the tentacles of Isometra vivipara, (After Mortensen.) 


PLATE 50. 


Fic. 1832.—Dorsal view of specimen of Comatulelia brachiolata; the stout pinnules with their 
tips coiled dorsally are ungrooved; the much more slender pinnules alternating with 
them are grooved. 

1333.—Specimen of Antedon bifida with regenerating postradial series and IIBr axillary 
bearing two arms growing upon the first brachials of the original single arm, 
which has been broken off at the synarthry between the first two brachials. (After 
W. B. Carpenter.) 

1334.—Fragments of arms of Antedon bifida from near their termination, showing the elon- 
gate and almost cylindrical brachials, (After W. B. Carpenter.) 

1835.—Skeleton of basal portions of arms of mature pentacrinoid of Antedon bifida, show- 
ing the very slightly developed perisomic plates. (After W. B. Carpenter.) 

1336.—Vertical longitudinal section of an arm of Antedon bifida from near its base, show- 
ing arrangement of muscles and ligaments and interruption of these at syzygy. 
(After W. B. Carpenter.) 


PLATE 51. 


Fie. 1837.—Sixteen pentacrinoids of Antedon mediterranea attached to the stem of Fucus, sp. 
from Naples. X 4. 
1838.—Pentacrinoid of Antedon mediterranea, from Naples. X 4. 
1839.—Pentacrinoid of Antedon mediterranea, from Naples. X 4. 
1340.—Pentacrinoid of Antedon mediterranea, from Naples. X 4. 


PLATE 52. 


Fig. 1341.—Specimen of Capillaster sentosa from Singapore to which is attached an Ophiomaza. 
Natural size. 
1342.—Portion of the column of the type specimen of Metacrinus batheri from the Malay 
Archipelago, 160 fathoms, upon which is growing a parasitic hydroid. Natural 
size. 
1343.—Myzostomum filiferum, (After von Graff.) 
1344.—Myzostomum quadricaudatum. (After von Graff.) 
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PLATE 53. 


Fre. 1845.—An unusually large specimen of Stylometra spinifera from off northern Cuba, 157 
fathoms (Albatross Station 2336), with a species of Scalpellwm attached to the 
cirri. Natural size. 

1346.—An unusually well-developed specimen of Ptilometra miilleri from Sydney, New 
South Wales, with Polytrema miniaceum growing on two of the right-hand cirri. 
Natural size. 
PLATE 54, 


Fic. 1847.—A specimen of Calyptometra lateralis from off Niihau, Hawaiian Islands, 378-426 
fathoms (Albatross Station 4179), showing, on the right profile, a large myzostome 
eyst. Natural size. 

1848.—A twelve-armed specimen of Heliometra maxima from off southeastern Sakhalin, 64 
fathoms (Albatross Station 5017). 


PLATE 55. 


Fie. 1349.—Notocrinus virilis, proximal portion of arm of a fully grown female, showing the 
genital papille in the angles between the pinnules and the ambulacral furrow. 
(After Mortensen. ) 

1350.—N otocrinus virilis, proximal portion of arm of a male showing the swelling produced 
by the testes and the small genital pores in the angles between the pinnules and 
the ambulacral furrow; the lowest pinnules are ungrooved. (After Mortensen.) 

1351.—Notocrinus virilis, proximal portion of arm of a female with the ventral surface re- 
moved and the marsupia opened so as to show the embryos within them; proximal 
to each marsupium is an ovary. (After Mortensen.) 

1352.—Notocrinus virilis, proximal portion of arm of a male with the ventral surface par- 
tially removed to show the size and shape of the testes. (After Mortensen.) 


PLATE 56. 


Fic. 1353.—Pentacrinoid larva of Hathrometra prolixa. (After Mortensen.) 
1354.—Pentacrinoid larva of Heliomctra glacialis. (After Mortensen.) 
1355.—Pentacrinoid larva of Antedon petasus. (After Mortensen.) 


PLATE 57. 


Vie. 1356.—Sabinella ptilocrinicola attached to calyx of Ptilocrinus pinnatus. (After Bartsch.) 

xX 13. 

1357.—Sabinella ptilocrinicola attached to calyx of a large specimen of Ptilocrinus pinnatus, 
showing the distortion of the latter. (After Bartsch.) X 1}. 

1358.—Sabinella ptilocrinicola attached to calyx of Ptilocrinus pinnatus. (After Bartsch.) 
xX 1h. 

1359.—Sabinella ptilocrinicola. (After Bartsch.) X about 6. 

1360.—Type specimen of Sabinella ptilocrinicola. (After Bartsch.) > about 6. 

1361.—Sabinella ptilocrinicola. (After Bartsch.) XX about 6. 

1362.—Stilifer (Mucronalia) bathymetre, attached to arm base of Bathymetra, sp. (After 
Hartlaub.) 44. 

1363.—Portion of disk of specimen of Comanthina schlegelii with cysts of Myzostomun 
platypus. (After P. H. Carpenter.) X 2. 

1364.—Disk of specimen of Comatula rotalaria with an isopod visible through the anal 
opening. (After bP. H. Carpenter.) 2. 
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RADIALS AND CENTRODORSAL OF FLOROMETRA 
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PINNULES OF VARIOUS COMATULIDS 
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PINNULES OF VARIOUS COMATULIDS 
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ANTEDON BIFIDA, DRAWN FROM LIFE 
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TERMINAL ComBs OF VARIOUS COMASTERIDS 
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PROXIMAL BRACHIALS OF ANTEDON BIFIDA 
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PROXIMAL BRACHIALS OF COMANTHUS PARVICIRRA 


FOR EXPLANATION OF PLATE SEE PAGE 762. 
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DISKS OF VARIOUS COMASTERIDS 
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Disks OF VARIOUS COMATULIDS 
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ADAMBULACRAL DEPOSITS OF VARIOUS COMATULIDS 
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EGGs AND LARV/E OF CERTAIN COMATULIDS 
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LARVAE OF ANTEDON 
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LARV4E OF ANTEDON BIFIDA 
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PENTACRINOID LARVAE OF HATHROMETRA SARSII 
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PENTACRINOID LARV/E OF VARIOUS COMATULIDS, AND AN ABNORMAL ARM OF HELIOMETRA 
GLACIALIS 
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PENTACRINOID LARV/E AND PINNULES OF VIVIPAROUS COMATULIDS 
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MyYZOSTOMES 
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DEFORMATIONS CAUSED BY MyzosTOMES 
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180, 185, 227, 229, 239, 261, 281, 291, 346, 595 rotindus As O20 Sk SUS. Lue. See 84, 170, 296, 
Marthasterias glacialis.............-.- 636, 677, 678 300, 376, 657, 666, 669, 670, 671, 686, 726, 755 
mianmtteensis, Arete: . 2.2 co023 055 oo JUHI 623 TUDETORUA Ss esac 638, 645, 686, 747, 749 
Mastigometra..............---+++ 225, 310, 312, 313 varians........-...- 638, 639, 686, 726, 747, 749 
Merelliteracsotes anes s5 ecstasy nso arse 349, 595 wyvillii.....022.0.0..05 688, 639, 726 747,749 
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MAGMIGASwek «sso ss tm OOO. 595 | Metichthyocrinus. .....5./0/...0.52. 01.-- 204 
mathei, Echinometra.............-----+-- 623 | micans, Prorocentrum........... +---- 677, 684 
mauritiana, Dorometra..............--+--- 595, | micraster, Comatula....../.....0.-.--+---+ 13, 
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Myzostomum.......2.- 342, 654, 656, 657, 670, 671 fmbriatimes sss sesso ss ela aA eee 665, 685 
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DEOTGIUY 2 18 5. 25,5 pre reo aslo ags 671, 683 inflaton: scsss2alaesleEs-8: 618, 673, 680, 684 
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brachia tum Meteo eee, 663, 667, 680 japonicum’... .cmuseaiis As A seer 618, 669 
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Myzostomum labiatum.................. 659, 683 | Nemaster discoidea .................-.---- 6, 
lobatum Beene Sarowas ec. aR UE 667, 680 9, 71, 232, 243, 277, 311, 661, 680, 705, 725 
dongibirtim 329.529. 02..6.. eS 664, 681 prendip- sts: sec 222. 2D la rial, 232, 280 
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liitkeni BF Ooo isinicece sBTIUE EY REIS 661, 681 243, 280, 311, 594, 661, 680, 705, 725, 729, 745 
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Membranaceum.................... 669, 682 Lineata S\AStE ses seks 5 8; Sete 243, 311, 594 
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moebianum Sei ctalaeneletst oa 9 RE SEES 664, 683, 684 71, 96, 111, 232, 277, 280, 285, 366, 661, 680 
MUITAY1..-.....-++-+2------ 618, 673, 683, 684 | nematodon, Heterometra................---- 595, 
manseMl...-.-..-------22--- 22-222 eee 669 714, 731, 732, 734, 735, 737 
nigrescens. ..........------------2-- 663, 681 | Neocomatella..........22--.-+eeeceeeeeeeee 87, 
oblongum..................- 2222.22: 666, 681 91, 114, 116, 130, 167, 169, 309, 618 
pallidum. ..-.-...........-...-. 661, 680, 681 alata........... 231, 243, 280, 292, 366, 372, 668 
parasiticum....... 617, 653, 654, 660, 675, 684 pulchella............. 6, 7, 71, 81, 104, 231, 280, 
pentacrini. ......-.-.----2...--2-+. 671, 686 285, 292, 314, 315, 320, 356, 376, 666, 673, 680 
FPMGUUUIANS on areolar arrapaicgey wo ar vo.= sa crm ES 663, 683 Neometrac. sot sn Ohh Ue goes = 11, 418 
Platypus...........-.-+2++-2-++- 670, 675, 681 acanthaster...........222.e-0-- 249, 278, 293 
Ca eee eee See 660, 680 alecto:://22 ass 242355: 248, 249, 278, 293, 405 

PO WiruAnier a ees ton 617, 653, 654, 662, 684 COMAMINIS 250-442 53506 we eee eee eta 249, 
quadricaudatum:......-.22.../Seuay 667, 682 278, 293, 405, 720, 730, 731, 733, 736, 737 
quadrifilum: ............-.. conmaiagaied. 667, 682 dihna > = +. ee ee 130, 216 
Radia HES. WHC GRe OS. Le 662, 681 porpoliia. + ste of oii io) 2 oo: 249, 
MObUNG MINS SS OS. LL ok ee le 666, 681 278, 293, 405, 720, 731, 733, 735 
Pibroiascia tum. . ... .-.2.../..8 SU KE et 660 MUltLcolor.< 2k ANN Bd coms snee Hote 40, 43, 

BCH WIEZCANUM A < «ooo sores SEE AUIS 663 227, 229, 720, 730, 731, 732, 733, 736, 737 
RIEU Beet foi setereyaleraia ceteroyarcen cB 669, 683 SplMOSISSIMas BMS inne eee 276, 353 
LENIUS PMU steels ese cee 672, 683, 684 Nepiometra levis. ........-.-.-2:+-+2+--- 754 
ROSIWIG Obie tert tae Sa tok Waals aes 661, 680 | nigra, Comatella...........-..--. 5, 6,70, 83, 90, 
iHomsonie Hee Mawey Snr: Benois. ousee 663 205, 231, 235, 237, 277, 291, 309, 330, 348, 369, 
MIT ahs eS gd NSA = tee) estes 662, 681 374, 594, 597, 667, 680, 703, 730, 731, 732, 735 
iuberentosumes..OET.s20 L459. LEA 655, 660 | nigrescens, Myzostomum.........------ 663, 681 
Mashhin ES Abs. wo. eet 618, 664, 681 | nierolineata, Coccometra.... 217, 267, 281, 373, 374 
VOLTUGOSUIMNE «sce cee sae cree SAI 665 | Nipterocrimus 2!) PSe e ...- 204 
VINGCERUNUNM dic ce. eeacceeccme oat 668, 686 ANIGICA MY CXEUCAU a» & miele icterettctersintomiat= 614, 639, 685 
Behecleri 8 /258.2c2-c oc IR 669, 686 | nobilis, Actinometra..........-.-...----- 670 
aL @RIO PSII... Hoe wnica oe RTOS. 672, 683 Metacrinus......... 638, 639, 686, 726, 747, 749 
wyvillethomsoni......-....----- 664, 685, 686 sumatranus, Metacrinus.........-..---- 726 

BD REE Re Ree cee sete 673, 674, 682, 684, 685 | nodosus, Metacrinus..........-.---- 726, 747, 749 
Manas Dorometraiies. ATS VOR SUN... SEEIY 298, | notata, Actinometra.............-..-...--- 178 
349, 595, 596, 597, 607, 723, 730, 731 | Notocrinus......------------222e2- 22 eee 151 

NaAnOMmetRA. See ES TRS RL GE ee IIRL 101 irilig? 2 so) say e-eed. eee eke ee 230, 272 
DOWersle caine eee veneer 65, 67, 77, 267, 729 279, 320, 367, 368, 369, 511, 616, 618, 675, 684 

GLY TEN ES = V2 2.0/5) SUID ON SD HIS 267, 281 | noveguinez, Comaster..........-.--- 83, 87, 90, 
nanseni, Myzostomum. ......-------+---+- 669 175, 176, 220, 233, 277, 292, 312, 
naresi, Thaumatocrinus.........-.------+-- 754 341, 594, 597, 599, 659, 681, 706 
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Memasters fossa aoe oa 5 ene SUUUIS 87,91, 110,111, | obesum, Chordeumium. .........-...-.--- 636 
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occidentalistess=-neeee ee ean 595, 664, 683 281, 297, 299, 300, 371, 374, 596, 
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72, 147, 148, 211, 217, 227, 247, | Ophiuran pluteus........-.--22s0ss220b2 645, 686 
273, 278, 281, 292, 293, 366, 595 | Ophiuricola cynips........-..----ss.iseuts 658, 675 
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97, 100, 110, 114, 134, 140, 142, 279, 349, 721, 728, 730, 731, 732,733, 735, 736 
144, 148, 149, 151, 157, 165, 167, | ornata, Cotylometra....... 129, 210, 214, 278, 596 
169, 184, 209, 211, 216, 302,308, | Orthonectide............--..----eidee.eee 675 
352, 410, 577, .578:.579s.-584 | Ostracoda... .--.-.--- 2-2. eee 637 
omissa, Thalassometra......-....-.----- WZikg29 | Ostraced,. Parasitic. ~~ 22222222. - 333 614, 617, 686 
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Ophiacantha spherulata...........--...--- 678 | oxyacantha, Stephanometra ...- 145, 595, 674, 715 
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Ophioccoma; Sp << << ----beas 615, 641, 642, 681 inequalis.... 49,75, 230, 260, 659, 667, 672, 683 
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